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1 . This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 

2 This REPORT consists of a total of 6 sheets, including this cover sheet. 

r This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings 
which have been amended and are the basis for this report and/or sheets containing rectifications made 
before this Authority (see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT) 

These annexes consist of a total of sheets. 



3 This report contains indications relating to the following items: 
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Basis of the report 
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Priority 




III 
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Non-establishment of opinion with regard to novelty, inventive step and industrial 


applicability 


IV 
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citations and explanations supporting such statement 


industrial applicability 


VI 
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Certain defects in the international application 




VIII 




Certain observations on the international application 
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INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No. PCT/GB97/01 1 58 

I. Basis of the report 

1 This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as 'originally filed" and are not annexed to 
the report since they do not contain amendments.}: 

Description, pages: 

1 -105 as originally filed 

Claims, No.: 

1-15 as originally tiled 

Drawings, sheets: 

1/17-17/17 as originally filed 



2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

3. □ This report has been established as if (some of) the amendments had not been made, since they have 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 



4 Additional observations, if necessary 



III. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non-obvious). 



X claims Nos. 4.5 





INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/GB97/01 158 



H the said international application, or the said claims Nos. 4.5 relate to the following subject matter which does 
not require an international preliminary examination {specify): 

see separate sheet 

□ the description, claims or drawings {indicate particular elements below) or said claims Nos. are so unclear 
that no meaningful opinion could be formed (specify): 

□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

□ no international search report has been established for the said claims Nos. . 
IV. Lack of unity of invention 

1 . In response to the invitation to restrict or pay additional fees the applicant has: 

□ restricted the claims. 

□ paid additional fees. 

□ paid additional tees under protest. 

□ neither restricted nor paid additional fees 

2 JS This Authority found that the requirement of unity of invention is not complied and chose, according to Rule 

68.1 . not to invite the applicant to restrict or pay additional fees. 

3 This Authority considers that the requirement of unity of invention in accordance with Rules 13.1 . 13 2 and 13.3 is 

□ complied with. 

not complied with for the following reasons: 

see separate sheet 



the parts relating to claims Nos 




INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No. PCT/GB97/01 1 58 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 



1 . Statement 



Novelty (N) 


Yes: 


Claims 


2.3.6- 


15 




No: 


Claims 


1 




Inventive step (IS) 


Yes: 


Claims 








No: 


Claims 


1-3,6 


-15 


Industrial applicability (IA) 


Yes: 


Claims 


1-3,6 


-15 




No: 


Claims 







2. Citations and explanations 
see separate sheet 



VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 



see separate sheet 




INTERNATIONAL PRELIMINARY International application No. PCT/GB97/01 1 58 
EXAMINATION REPORT - SEPARATE SHEET 

1 . Reference is made to the following document: 
D1: Proc. 23rd Eur. Peptide Symp. 1995:455-456 

2. The present application is directed to "autodeconvoluting" libraries for the 
characterisation of an active motif in any group of compounds. 

D1, which considered representing the closest prior art, discloses "self- 

, i_ n x I I 1 ; U. a » ...U.;«L-. I ^ ^-J f x-v + ^i(-n/M/r\n/ r\4 <-i r>/^tnn+ \ / O 
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vasopressin antagonist. "Self-deciphering" is to be interpreted as being a 
synonym for "autodeconvoluting". Therefore, all technical features of present 
claim 1, as far as they are fulfilling the requirements of clarity (Article 6, cf point ), 
are present in D1 , i.e. the subject-matter of claim 1 is not new in the sense of 
Article 33(2) PCT. 

Furthermore, D1 discloses the suitability of the described type of self-deciphering 
libraries for any group of compounds, i.e. methods using this type of libraries are 
not restricted to peptides or oligonucleotides. 

The problem underlying the present application can be regarded as to provide 
further particular "autodeconvoluting" {sive self-deciphering or self-decoding) 
libraries to identify an inhibitor of an enzyme or a binding motif of an antigen etc. 

Since the general principle of self-decoding libraries is known from D1 (for three 
variables) it appears not to involve an inventive step to adapt the principle to four 
variable entities. The skilled person is enabled to develop any library format as 
presently claimed to screen for a desired activity from the teachings of D1 . 
Therefore, claims 2-15 are not in accordance with the requirements of Article 
33(3) PCT with respect to inventive step. 



invention" according to Rule 6.3(a) PCT. 




INTERNATIONAL PRELIMINARY International application No. PCT/GB97/01 1 58 
EXAMINATION REPORT - SEPARATE SHEET 

Independent claim 1 is not in the two-part form -and therefore not in accordance 
with Rule 6.3(b) PCT-, which in the present case would be appropriate, with those 
features known in combination from the prior art (document D1) being placed in a 
preamble (Rule 6.3(b)(i) PCT) and with the remaining features being included in a 
characterising part (Rule 6.3(b)(ii) PCT). 

3. The problem concerning the screening and rapid identification of an desired 
effector out of a large number of compounds has been solved already by the 
disclosure of the principle of "self-decoding" libraries (D1). 

The target classes of compounds of claims 8-12 which the method of claim 3 is 
directed to are not anymore linked in such a way by a special technical feature in 
the sense of Rule 13(2) PCT that they represent a single inventive concept (non- 
unity a posteriory Rule 13(1) PCT). Every single library claimed (and methods 
using this library) concerning a particular target class of compounds is considered 
as a separate invention. 

4 The terms "active moiety 1 and 11 active motif used in claim 1 are vague and 

unclear and leave the reader in doubt as to the meaning of the technical features 
to which they refer, thereby rendering the definition of the subject-matter of said 
claim unclear (Article 6 PCT). 

5. The subject-matter of present claims 4 and 5 is directed to performing a pure 
mental act, i.e. a deciphering procedure. This subject-matter is excluded from 
international preliminary examination (Article 34(4)(b); Rule 67.1 (iii) PCT). 
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OR THE DECLARATION 
(PCT 



Rule 



Applicant's or agent's file reference 

38630/JMD 



of mailing 



Date of mailing 

(day/month/year) 



RECEIVED 

1 fi PPT 



13. 10- ^AMPpjHQ E 



FOR FURTHER ACTION 



See paragraphs 1 and 4 below 



International application No 

PCT/GB 97/01158 



International filing date 
(day/month/year) 24 ' 04 ' 1 997 



Applicant 

PEPTIDE THERAPEUTICS LIMITED et al 



1 []£] The applicant is hereby notified that the International Search Report has been established and is transmitted herewith 
Filing of amendments and statement under Article 19: 

The applicant is entitled, if he so wishes, to amend the claims of the International Application (see Rule 46): 



When? The time limit for filing such amendments is normally 2 months (ram Ine date of trans mittal.oj^tkie , ^ ^ ^ 
International Search Report; however, for more details, see the potes on the accorfjpanyinQj^TSetLJ O — 

Where? Directly to the International Bureau of WIPO 
34, chemin des Colombettes 
121 1 Geneva 20, Switzerland 
Fascimile No.: (41-22) 740.14 35 



I INITIALS 



□ 



For more detailed instructions, see the notes on the accompanying sheet 

i 



The applicant is hereby notified that no International Search Report will bq e«tat5*^redtand'9i» 

a> declafakon-ander- 

Articie 17(2)(a) to that effect is transmitted herewith. I — " 



3 With regard to the protest against payment of (an) additional fee(s) under Rule 40 2, the applicant is notified that: 

I 1 the protest together with the decision thereon has been transmitted to the International Bureau together with the 

' ' applicants s request to forward the texts of Doth the protest and the decision thereon to the designated Offices 

[ | nc decision has been made yet on the protest, the applicant will be notified as seen as a decision is made 

4. Further action(s): The applicant is reminded of the following 

Shortly after 18 months from the pnonty date, the international application will be published by the International Bureau 
If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international application, or of the 
priority claim, must reach the International 3ureau as provided :n Rules 90b/s.1 and 90b/s 3, respectively, before the 
completion of the technical preparations for nternational publication 

Within 19 months from the priority date, a demand 'or 'nternational preliminary examination must be fiied if the applicant 



ure and -^a. rg address _ nter" at 'cnai ^earc --t' 

"lurccean D 3tert Office. P 3 53* 3 ^atentlaar 2 



3 



\L-229C -V - 



Alfredo Pre 1 ' n 



NWm.S TO FORM PCT/ISA/220 



These Notes are intended to gtve the basic instructions concerning the filing of amendments under article 19. The 
Notes are based on the requirements of the Patent Cooperation Treaty, the Regulations and the Administrative Instructions 
under that Treaty. In case of discrepancy between these Notes and those requirements, the latter are applicable For more 
detajled information, see also the PCT Applicant's Guide, a publication of WIPO 

In these Notes, "Article'*, "Rule', and "Section" refer to the provisions of the PCT, the PCT Regulations and the PCT 
Administrative Instructions respectively 



INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19 



The applicant has, after having received the international search report, one opportunity to amend the claims of the 
international application. It should however be emphasized that, since ail parts of the international application (claims, 
descnption and drawings) may be amended dunng the international preliminary examination procedure, there is usually 
no need to file amendments of the claims under Article 1 9 except where, e.g. the applicant wants the latter to be published 
for the purposes of provisional protection or has another reason for amending the claims before international pbulicatton 
Furthermore, it should be emphasized that provisional protection is available in some States only 



What parts of the international application may be amended? 

Under Article 19, only the claims may be amended. 

During the international phase, the claims may aiso be amended (or further amended) under Article 34 before 
the International Preliminary Examining Authonty The descnption and drawings may only be amended under 
Article 34 before the International Examining Authonty 

Upon entry into the national phase, aJl parts of the international application may be amended under Article 23 
or, where applicable, Article 41 . 



When? Within 2 months from the date of transmittal of the international search report or 1 6 months from the pnonty 

date, whichever time limit expires later. It should be noted, however, that the amendments will be considered 
as having been received on time if they are received by the International Bureau after the expiration of the 
applicable time limit but before the completion of the technical preparations for international publication 
(Rule 46.1). 



Where not to file the amendments? 

The amendments may only be filed with the International Bureau and not with the receiving Office or the 
International Searching Authonty (Rule 46.2). 

Where a demand for international preliminary examination has been /is filed, see below. 



How? Either by cancelling one or more entire clajms, by adding one or more new claims or by amending the text of 

one or more of the clajms as filed. 

A replacement sheet must be submitted for each sheet of the claims which, on account of an amendment or 
amendments, differs from the sheet originally filed 

All the claims appeanng on a replacement sheet must be numbered in Arabic numerals Where a claim s 
cancelled, no renumbering of the other claims 'S required In all cases where clajms are renumbered, they must 
be renumbered consecutively (Administrative Instructions, Section 205(b)) 

The amendments must be made in the language in which the international application is to be published 



What documents must/may accompany the amendments? 
Letter (Section 205(b)): 

The amendments must be submitted with a letter 



1 ■ f :>! io r. jppiicaticn . i. ng '.."i . 'rr- r.:-t;r-r "v, LJ • nqii^n. i ^ jnqujq'? ji .n tern jti on j t ^pp 

is French, the letter must be in French 



NOTES TO FORM PCT/ISA/220 (contini 



The letter must indicate the differences between the claims as filed and the claims as amended It must, in 
particular, indicate, in connection with each claim appearing in the international application (it being understood 
that identical indications concerning several claims may be grouped), whether 

(i) the claim is unchanged, 

(ii) the claim is cancelled; 

(iii) the claim ts new, 

(iv) the claim replaces one or more claims as filed, 

(v) the claim is the result of the division of a claim as filed 



The following examples illustrate the manner in which amendments must be explained in the 
accompanying letter: 

1 . [Where ongtnally there were 48 clajms and after amendment of some claims there are 51] 
"Claims 1 to 29, 31 , 32, 34, 35, 37 to 48 replaced by amended claims beanng the same numbers, 
clajms 30, 33 and 36 unchanged; new claims 49 to 51 added/ 

2. [Where onginally there were 1 5 claims and after amendment of aJI claims there are 1 1 ]: 
"Claims 1 to 1 5 replaced by amended claims 1 to 1 1 ." 

3 [Where onginally there were 14 claims and the amendments consist in cancelling some claims and in adding 
new claims]: 

"Claims 1 to 6 and 1 4 unchanged; claims 7 to 1 3 cancelled; new claims 15,16 and 1 7 added." or 
"Claims 7 to 1 3 cancelled; new claims 15,16 and 1 7 added; all other claims unchanged." 

4 [Where vanous kinds of amendments are made]: 

"Claims 1-10 unchanged; claims 11 to 1 3, 1 8 and 1 9 cancelled; claims 1 4, 1 5 and 1 6 replaced by amended 
claim 1 4, claim 1 7 subdivided into amended claims 15,16 and 1 7, new claims 20 and 21 added." 



"Statement under article 1 9(1 )" (Rule 46.4) 

The amendments may be accompanied by a statement explaining the amendments and indicating any impact 
that such amendments might have on the descnption and the drawings (which cannot be amended under 
Article 19(1)). 

The statement will be published with the intemationai application and the amended claims. 
It must be in the language in which the international appplication is to be published. 

It must be bnef, not exceeding 500 words if in English or if translated into English. 

It should not be confused with and does not replace the letter indicating the differences between the claims 
as filed and as amended. It must be filed on a separate sheet and must be identified as such by a heading, 
preferably by using the words "Statement under Article 19(1)." 

It may not contain any disparaging comments on the international search report or the relevance of citations 
contained in that report. Reference to citations, relevant to a given claim, contained in the mternationaJ search 
report may be made only in connection wrth an amendment of that claim. 



Consequence it a demand for international preliminary examination has already been filed 

If, at the time of filing any amendments under Article 1 9, a demand lor international preliminary examination 
has already been submitted, the applicant must preferably, at the same time of filing the amendments with the 
International Bureau, also file a copy of such amendments with the International Preliminary Examining 
Authority (see Rule 62.2(a), first sentence). 



Consequence with regard to translation of the international application for entry into the national phase 

The applicant's attention is drawn to the f act that, where upon entry -nto the national phase, a translation of the 
claims as amended under Article 1 9 may have to be 'urnished to the designated/elected Offices, instead of, or 



INTERN AlW^'AL SEARCH REPORT 



ionaJ Application No 

PCT/GB 97/01158 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 C07K1/G4 G01N33/68 



Acooraing to International Patent Classification (IPC) or to ooth national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation .earcned (classrfication system followed oy classification symcois) 

IPC 6 CQ7K G01N 



Documentation searched other than minimum 



documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted dunng the mtamationai search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



category " Urtauon of document, wrtn inaicatjon, where appropriate, ui *n 



M. MELDAL ET AL. : " Port i on -mi xi ng peptide 
libraries of quenched fluorogenic 
substrates for complete subsite mapping of 
endoprotease specificity" 
PROCEEDINGS OF THE NATIONAL ACADEMY OF 
SCIENCES OF USA, 

vol. 91, no. 8, 12 April 1994, WASHINGTON 
US, 

pages 3314-3318, XP002042095 
see page 3317, right-hand column, 
paragraph 2 - page 3318, right-hand 
column, paragraph 1 

WO 95 34575 A (SYNTHETIC PEPTIDES INC) 21 

December 1995 

see the whole document 

-/-- 



1,2 



1,3,9-12 



j Further documents are usted in the continuation of box C 



Patent family merr.Oers are usted in annex. 



" Special categones of crted documents : 

*A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earber document but published on or after the international 

filing date 

*L* document which may throw doubt* on prior tty claim(a) or 
wntch is cited to establish the publication date of another 
cttabon or other special reason (as specified) 



*T* later document published after the international fiJing date 
or pnonty date and not in conflict wrth the applicabon but 
cited to understand the principle or theory underlying the 
invention 

•X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
invorve an mventrve step when the document is taken aione 

■Y* document of particular relevance, the ciatmed invention 

cannot be considered to invofve an inventive step when the 
™„ r;jrnr( -t t --r"S'rrd wrth or ~>ore oth*r*uch docu- 



30 September 1997 



1 3. 10. 9? 



interJ^ti 
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lonai Application No 

PCT/GB 97/01158 



Patent document 


Publication 


Patent family 


Publication 


cited in search report 


date 


member(s) 


date 



WO 9534575 A 



21-12-95 



AU 2805995 A 



05-01-96 



WO 9405394 A 


17-03-94 


US 


5585275 
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17- 


-12 


-96 






US 


5591546 


A 


07- 


-01- 


-97 






AU 


4844593 


A 


29- 


-03- 


-94 






AU 


6393994 


A 


14- 


-09- 


-94 






JP 


8507602 
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13- 


-08- 


-96 






WO 


9419694 
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01- 


-09- 


-94 
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INTERNATIONAL SEARCH REPORT 

(PCT Article 1 8 and Rules 43 and 44) 



Applicant's or agent's file reference 

38630/JMD 



FOR FURTHER see Notification of Transmittal of International Search Report 

{Form PCT/ISA/220) as well as, where applicable, item 5 below 

ACTION 



International application No 

PCT/GB 97/01158 



International filing date (day/month/year) 

24/04/1997 



(Earliest) Priority Date (day/month/year) 

24/04/1996 



Applicant 



PEPTIDE THERAPEUTICS LIMITED et al 



This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18 A copy is being transmitted to the International Bureau 



This International Search Report consists of a total of. 



sheets 



it is also accompanied by a copy of each prior art document cited in this report 



1 Certain claims were found unsearchable (see Box I) 

2 Q Unity of invention is lacking (see Box II) 

3 r~7] The international application contains disclosure of a nucleotide and/or amino acid sequence listing and the 
^^"^ international search was earned out on the basis of the sequence listing 

| | filed with the international application 

|T~] furnished by the applicant separately from the international application, 

I I but not accompanied by a statement to the effect that it did not include 
matter going beyond the disclosure in the international application as filed. 

| | Transcribed by this Authonty 



4 With regard to the title. [^J the text is approved as submitted by the applicant 

| | the text has been established by this Authority to read as follows 



5. With regard to the abstract, 



| y | the text is approved as submitted by the applicant 

I | the text has been established, according to Rule 38 2(b), by this Authority as it appears in 
Box III The applicant may, within one month from the date of mailing of this International 



as suggested by r^e aop^car*: 

because the applicant failed to suggest a figure 
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^^^^wiational Application No 






™T/GB 97/01158 



A CLASSIFICATION OF SUBJECT MATTER 

IPC 6 C07K1/04 GG1N33/68 



According to International Patent Classification (IPC) or to both national classrfication and IPC 
B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 C07K G01N 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted dunng the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 0 Citation of document, with indication, where appropriate, of the relevant passages 



M. MELDAL ET AL. : "Portion-mixing peptide 
libraries of quenched fluorogenic 
substrates for complete subsite mapping of 
endoprotease specificity" 
PROCEEDINGS OF THE NATIONAL ACADEMY OF 
SCIENCES OF USA, 

vol. 91, no. 8, 12 April 1994, WASHINGTON 
US, 

pages 3314-3318, XP002042095 
see page 3317, right-hand column, 
paragraph 2 - page 3318, right-hand 
column, paragraph 1 

WO 95 34575 A (SYNTHETIC PEPTIDES INC) 21 

December 1995 

see the whole document 



V- 



Relevant to claim No 



1,2 



1,3,9-12 



Further documents are listed in the continuation of box C 



Patent family members are listed in annex 



Special categories of crted documents 

'A' document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

"L" document which may throw doubts on priority claim(s) or 
which is crted to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 



"T" later document published after the international filing date 
or pnonty date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

'X* document of particular relevance, the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

*Y" document of particular relevance, the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined wrth one or more other such docu- 
ments, such combination being obvious to a person skilled 



30 


September 


1997 




Name .md mai 


tng address of the 


SA 


Authorized officer 
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C.{Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category : 



Crtation of document, wrth indtcation, where appropriate, of the relevant passages 



Relevant to claim No 



WO 94 05394 A (ARRIS PHARMACEUTICAL CORP) 

17 March 1994 

see claims; examples 

B. Deprez et al.:" Sel f -deci feri ng, ortho- 
gonal combinatorial libraries of soluble 
organic compounds: Discovery of a potent 
V2 vasopressin antagonist" 
in: 

XP002042096 
Peptides 1994 
Proceedings of the 

Twenty-Third European Symposium September 
4-10, 1994, Braga, Portugal 
ed. HLS Maia; pub. ESCOM, Leiden, NL, 
1995, pages 455-456 

A.F. SPATOLA AND Y. CROZET: 

"Rediscovering an Endothelin Antagonist 

(BQ-123): A Sel f -Deconvol uti ng Cyclic 

Pentapeptide Library" 

JOURNAL OF MEDICINAL CHEMISTRY, 

vol. 39, no. 19, 13 September 1996, 

WASHINGTON US, 

pages 3842-3846, XP002042200 

see page 3844, left-hand column, paragraph 

4; table 1 



1,3,9-12 



1,3,11 
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Autc-Dec:nr: Volutincr Combinatorial Libraries 

The present invention relates to the field of apparatus 
and methods which provide the rapid generation of 
structure/activity relationships using auto - deconvoiut mg 
combinatorial libraries, which facilitate the invention of 
novel active compounds. The invention provides apparatus 
and methods which can be used for the rapid generation of 
structure/activity relationship (SAR; data, and, 
therefore, the characterisation of the active motif cf anv 
group of compounds . 

Tne invention provides libraries of compounds which 
interact with an active moiety, and apparatus and methods 
to identify such compounds. The active moieties may be 
(but are not limited to) enzymes, receptors, antibodies, 
etc. The interaction of the active moiety with the 
compounds of the library may be (but is not limited to) 
the interaction of a substrate or inhibitor with an 
enzyme, the interaction cf a iigand with a receptor, the 
interaction of an antigen or antigenic epitope with an 
ant ibodv , etc. 



Tne r _ 1 lowm:; 
and sun classes 

Enzyme Classes 



lust i' d t e s -i n u ib e r : i c : n z \ ~r. e j 1 a s s e s 
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d ; catalase 
Hydrolase 

f' peptidase (proneolyti: encvme) 

Transferase 
g ; aninotrans f erase 
h ; kinase 

i ■ glucosyl transferase 
Lyase 

j ■ decarboxylase 
k ; de ny dr a tease 

I some rase 
1) racemase 
m) mutase 

gase 
synthetase 
carboxylase 

y 1' ;„ * 3. c: r- 3 — f_ _ > - - ^ -y- ^ o, - - ^ ■ ] . - , - - y y- 

and catnespi 

Met al let r "teases ., such as E 7 .. celatin 



4 . 
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4. Serine proteases, such as thrombin, factor Vila, 
factor Xa , elastase, trypsin . 

5. Threonyl proteases, such as proteasome S. 

Proteases 

Many therapeutically useful drugs act as enzyme 
inhibitors. In particular, proteolytic enzyme inhibitors 
have been the fnnis of much attention in the 
pharmaceutical industry, because they play a variety of 
roles in a multitude of biological systems. Their 
proteolytic activities are related to processes ranging 
from cell invasion associated with metastatic cancer to 
evasion of an immune response , as seen in certain 
parasitic organisms; from nutrition to intracellular 
signalling to the s i t e - speci f i c proteolysis of viral 
proteases and eukaryotic hormone -process mg enzymes. 
However, the traditional random screening methods for the 
identification of lead molecules as inhibitors of 
proteolytic enzymes are often laborious and time- 
consuming. Therefore new and efficient methods which can 
accelerate tn-r drug discovery process are greatly m 



v\ ; e consider that, proteases contain an active catalytic 
site which tenas to become increasingly activated as the 
recognition ticket- and y etc' and (S : ' ana r. etc 

■■ — ■■ ' * * • " • : " - • — — " mr rr or- -ha- 



e:na.na . 
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inhibitors. Therefore, we have devised a combinatorial 
method for the rapid identification of these binding 
motifs which will greatly expedite the synthesis of 
inhibitors of a variety of proteolytic enzymes such as 
aspartyl proteases, serine proteases, metailo proteases 
and cystemyl proteases . 

Tne use of a fluorescence resonance energy transfer (FRET; 
substrate for the analysis of proteolytic enzyme 
specificity was first: published by Carmelh Since then 
many different quenched fiuorogenic substrates for 
measuring enzyme inhibition have neen described in the 
literature . 4 11 These substrates contain a fluorophore, F , 
m a P position (vide supra), which is quenched by another 
group, Q , present in a P' position [vide supra) and 
separated from F by the scissile bond. The advantage of 
the positioning of these residues, F and Q , is that 
cleavage of a peptide bond occurs between the two natural 
residues and, therefore, represents a more natural 
hydroiytic event rather than the cleavage and release of a 
C - terminal chromophore . 



v-y hit ion of pept ide 4 -threat: lines with the aminobenzcyl 
(ABz; group yielded substrates that are itternally 
quenched by the presence of the 4 - ni t roam 1 1 de moietv. 
TJ P cn hydrolysis of the amincacyl - nitroanilide bond, the 
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Immobilised libraries, where substrates are attached to a 
polymer or biepclymer support, have also been used for 
mapping protease binding sites. 1 " Singh et al . reported 
recently that enzymatic substrate activity of 33 selected 
octapeptides attached via a linker to controlled pore 
glass is predictive of the same activity of similar 
peptides in solution. However, these results are 
preliminary ana only for a specific example. Therefore, it 
is not c^ear whetner immobilised substrates attached to 
polymers can reliably replace soluble substrates in 
mapping the hindered protease binding sites, especially 
since the hydrophilic or lipophilic nature of the polymer 
and the size of the interstices withm the polymer are 
bouna to influence the reaction between the enzvme and its 
substrates . 

Mixtures of internally quenched, fluorogenic substrates 
have also recently been described m which the quencher 
group, Q, is 2 , 4 -dim trophenyl (Dnp) and is attached to 
the P side of the scissile bona , while the fluorogenic 
grcup, is N-methyl antnramlic acid (Nma: and is attached 
to the P side A' 5 

E,x amoves f c ther Dc n z : - Ac cep t z r Chrcmcphcre Pairs that 
have been applied to Eiolcqical Systems are shewn m Table 



I able 1 : Donor- Acceptor C'hrornophurc Pairs That Have Been Applied T. 
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DNSM 


LV 


ISA 


TNP 


IAEDANS 


IANBD 


Dansyl 


ODR 


E-A 


F : DNB 


DANZ 


IAF 


Pyrene 


Bimanc 


FN A I 


EITC 


AN A I 


IPM ' 


NBD 


LRU 


IAANS 


IAF 


IAF 


EI A 


c-A 


F ; DPS 


FITC 


EN A I 


e-A 


DDPM 


Proflavin 


ETSC 


IAEDANS 


TNP 


CPM 


FN P- A TP 


MNA 


DACM 


IAEDANS 


IAF 


PM 


NBD 


CPM 


Fluorescein 


FITC 


TNP-ATP 


IAEDANS 


FITC 


DANZ 


DABM 


FITC 


TMR 


NCP 


cpm 


IAF 


I MR 


NAA 


DNP 


CF 


TR 




TNP- ATP 


CPU 


FTS 


IAP 


diI-C,„ 


e-A 


TNP-ATP 


IAF 


TMR 


CPM 


FM 


FMA 


FMA 


LY 


KM 


PM 


I) MAMS 


FITC 


EITC 


mBBR 


FITC 


IAEDANS 


DiO-C u 


mBBR 


DABM 


IAF 


ErITC 


e-A 


NBD 


FITC 


EM 


Pyrene 


Coumann 


FITC 


ETSC 


IPM 


FN A I 


FITC 


ErITC 


IAEDANS 


DABM 


BPE 


CY5 



ANA I, 2-anthracene N-acetylimidazole; BPE, B-phycoerythrm; CF, carboxyfluorcscein 
succinimidyl ester; CPM, 7-doethylamino-3-(4 'maieimidylphenyl)-4-methyicoumann; CY5, 
carboxymethylmdocyamne-NTwdroxysuccinimidyl ester; diI-C, K , 1, L-dioctadecyI-3,3.3 \3 
tetramethvl-indocarbocyamne; DiO-C u , 3,3 '-ditetradecyloxacarbocyanine; DABM, 4- 
ciimethylaniniphenylazo-phenyl-a'-maleimide; DACM, (7-(dimethylammo)coumarin-4-yl)- 
acetvl: DANZ. dansylazindme: DDPM. N-( 4-aimethvlamin< 1 -3-5-dinitrophenyl )maleimide: 
I )AC 'M. di-methylaniino-4-maieiniidostilbene; DMSM. N-t 2.5-dimetho\ystiben-4-yl )- 
maleimide: DNP. 3.4- dimtrophenvi. e-A. ! .V -cthenoaUennsmc,EI A. 5m lodoacetetamido »eo< 
EMC cnsm-5-isothiocyanate; EN A I, eosin N-acctv Imidazole, EM. eosin malcinnde; ErFI't , 
erythrosin-5'-isothiocyanate; El SC. eosin thiosemicarbazide; F : DPB. 1 ,5-ditluoro- 
2.4'dinitrobenzene; F DPS, 4.4'-difluro-3,3 \iimtrophevlsulphone; FITC. fluorescein N- 
acetviimidazole; ITS. fluorescein thiosemicarbazide; IAANS; 2-((4'- 
"/*:im:d(>»a".il!T^i!:^.rhth:ileTv ^-Mi'phni-i' ;ic:<i IAEDANS. c -» 2- 
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(lodoaeetamido)salicylie acid;LRH, lissammerho-2, 1 ,3-berizoxadiazol-4-\i; NCP, N- 
cyclohcxyl-N'-( 1 -pyrcnyl jcarbodnmidc; ODR, octadecvlrhodamme; PM. N-< 1-pyrenei- 
maleimide; SRHsulphurhodamine; T.MR, tetrameihylrhodamine; TNP, tnnitrophenyl; TR. 
T exas red. 

from \Vu. p. and Brand. L. 1904. Anal. Biochem. 2 I S. M.y 

The specificity of soluble peptide libraries have beer: 
determined. 1 — 0 3erman et al . described 1 '- an K?LC mass 
spectrometry technique in which 6 mixtures of 123 peptides 
were synthesised which were N- terminally labelled with the 
Dnp group in order to allow UV monitoring on the H?LC . The 
disadvantage of this approach is that each assay mixture 
has to be individually analysed, because no fluoroaenic 
substrate is revealed, and that the effective 
concentration of each separate component is limited by the 
sice of the mixture because of overall solubility factors. 

Drevm et al . : " have suggested the use of individually 
synthesised fiuorogenic substrates for the determination 
of enzyme activity using a chromophore which chelates 
lanthanide ions. Garmann and Phillips have suggested the 
use of FRFT 1 substrates in which the fluoroaenic and 
cuericrer moieties are attached via thici or ammo 

a:ict icnai groups arte:; tne peptide- has beet svnehes i sec , 
c u t this nas the d i s a avail cage t ha t t h e v a r e n o t ::; libra r v 
torn and that these functional amine and thiol a roups need 
:o bo selectively revealed after the peptide nas been 
synthesised . Wang et al . nave suggested the use ci the 
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The above methods which have used FRET techniques for th< 
mapping cf the active site around a specific protease 
suffer from one or more cf the following disadvancaqes : 

i. because of general aqueous insolubility they do not 
produce mixtures of compounds m a form suitable fo 
nigh throughput screening m aqueous solution. 

1 1 . tne derivat ised compounds cannot be prepared in 
combinatorial library form using solid phase 
techniques . 

in. the mixtures which have been used h ■ ■' were not self - 
decoding, and needed time-consuming aeconvoiut i ve 
resynthesis for identification of the active 
molecules . 



Kinases 

Protein kinases are intracellular enzymes that play key 
roles m cell growth, differentiation and inter-cell 
communication. Aberrant protein kinase activity has been 
implicated in many disease states including several forms 
of cancer and severe - combined immunodeficiency iisease. 
All serine/ threonine and tyrosine protein kinases have a 
region of approximately 2 C 0 amine acias known as one 
catalytic subur.it whicu ha:; evolve i from u common ancestor 
kinase 'Hunter et al , 1-?: . Crystal structure 
determination of several kinases nas shown that oney all 
have a common bi-lobal structure. The amine- terminal part 
of the subun i o encodes a small lob-.- responsible for the 
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brought, together allowing transfer of the AT? y-phesphate 
to the amino acid accepter on the protein substrate. The 
protein/peptide binding groove stretches across the face 
of the large lobe between two a-helices ana under the 
small lobe. This groove therefore contains the residues 
important for substrate specificity of the kinase. 
Protein kinases are arranged m kinase cascades within the 
cell, providing the ability for signal amplification m 
post -transduction pathways. This amplification relies on 
the upstream kinase specifically activating ins downstream 
partner. For this reason, protein kinases have developed 
remarkable substrate specificities which prevent unwanted 
crosstalk between different kinase cascades. We believe 
that such substrate specificity can be exploited m the 
design of selective protein kinase inhibitors. 
Existing pr otein kinase inhibitors 
Non -peptide inhibitors 

Most available non-peptide protein kinase inhibitors do 
not target the substrate binding region, but compete with 
AT? for enzyme binding. These inhibitors can be 
engineered using conventional medicinal chemistry to 
demonstrate specific enzyme selectivity. An example of 
this strategy was the modification or the funeral 
metabolite s t aur ospor me , a general protein kinase 
mmoitoiy to the bis - indoiyl -mal e imides Rc 2 '.-754'- and Ro 
31-8425 (fig. 1"} which are selective protein kinase C 
inhibitors (Kuid et al , 1991) . Unfortunately, the potency 
of ATP antagonist inhibitors can r> dramatically reducer; 
~ :~i certain i r t r ace 1 1 u 1 - ; r ^emnartmonf- s -:v.:^ r - r V or 
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The aromatic compound erbstatm (fig. 18) produced by 
certain S treptorr.yces strains was identified in screens for 
reversal of protein tyrosine kinase - induced cell 
trans format ion . Erbstat in was subsequently shown to 
inhibit the EGFR kinase in Wtro with a k ; of 5.58 uM and 
typical Imeweaver-Burke competitive kinetics against a 
peptide substrate, while remaining non-competitive with 
AT? {Umezawa and Imoto, 1991) . The compound is readily 
inactivated in calf serum and so could not be considered 
a.d a serious candidate for therapeutic use. Attempts have 
been made to both increase the stability of erbstatm, by 
replacement of the N-formyl moiety, and bias the 
inhibition towards specific tyrosine kinases using a 
systematic modifi ration of all parts of the molecule. 
These synthetic erbstatm derivatives are known as 
tyrphostms (tyrosine phosphorylation inhibitors) and are 
mainly used as tools in enzyme/signal transduction 
research, but have had limited success in animal models of 
disease (see Levitzki and Gazit, 1995 for an extensive 
review) . 

Pseudosubstrate mhibi tors 

Ke sear en mi:; tm.< structure an;j function cf c-rotem 
-mases uncovered a natural method of regulating catalytic 
activity known as pseudosubstrate inhibition. This method 
uses sequences, either on the same molecule as the 
catalytic site ■ protein kinase C! or on a regulatory 
" ~ ^ ~ ^ ~" : ■ ■ ~' * ~ "! •" •"• •- AM v - d ^n ^ r h o f- r v ^t"°in z na ^ ^ • 
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a phospho-acceptor results in the formation of a good 
substrate sequence. It is for this reason that the 
sequences are known as pseudcsubst rates . Peptides based 
on pseudosubstrate motifs have been used as tools for 
inhibition of specific proteins kinases such as cyclic 
cAMP- dependent protein kinase (PKA! , protein kinase C 
(PKC; , myosin light chain kinase (MICK) and calmodulm- 
dependent protein kinase II (Kemp et al , 1994). 
Pseudosubstrate peptides of iess than 20 ammo acids have 
been shown to be potent low nanomolar inhibitors in vitro 
with pseudosubstrate-based peptides of six ammo acids 
inhibiting protein kinases at less than one micromolar 
( Keir.p et al, 19 91 J . 



It is clear that there is scope for a small molecular 
weight inhibitor of protein kinases that competes with 
substrate for binding to the active site. A rational and 
peptide proven approach would be to base these inhibitors 
on substrate molecules which can specifically access the 
catalytic site. By focusing on pseudosubs trates , this 
approach would also have the advantage of "in-built" 
specificity, an element which is generally missing when 
roaas are laentified from randcrn screening approaches. 

Ih -t?ir. kmas^-h] b itor r :n disease treatment 

Currently, there are no specific prctem kinase inhibitors 
available fcr clinical use. Nevertheless, the potential 
r ~r sirdi ^ompcunds is ^le;ir with evcrv ma^or 
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Protctypic kinase inhibitor compounds are widelv available 
from many companies, and are used as tools for in vi tire 
signal transduction research. Several have formed the 
basis for extensive medicinal chemistry programmes 
gned to engineer both selectivity and enhanced 
.ctivity into these compounds. A number of examples have 
been reported which indicate that this strategy has had 
some success in producing compounds active both in vitro 
within cell assay systems, and m animal models of 
disease. 3 taurosporinc analogues (CGP412B1 ar.d TICM-01; 
have been used to show ant i- tumour activity m vivo (Meyer 
et al , 1989; Akmagaka et al , 1991) and selective PKC 
inhibitors have been shown to work in animal models of 
acute inflammation (Bradshaw et al , 1993) . Moreover, the 
BMN tyrphostm AG49C has been shewn to inhibit 
lymphoblastic leukaemia growth m animal models, 



correlating with its ability to inhibit the non-receptor 
intracellular tyrosine kinase JAK-2 (Meydan et al, 1996). 
These promising preclinical studies have yet to be 
translated into the clinic, and it is possible tnat 
unforeseen toxicological problems, perhaps related to 
compound specificity, could be delaying their progress. 

lur in.-: the pas*: few year^ , tnere has teen an exnicsio:: : 
hhow^eage relating :: kinase structure, function ana 
activity. New Kinases nave also been identified, some of 
which have a sufficiently restricted cellular distribution 
chat one could envisage that a specific inhibitor wctnd 
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promise of new approaches for the development of kinase 
mnibitors to trea: a range of conditions. 

Method of Protein Kinase Inhibitor Design 

Gener ation of initial substrate information 

A technique has recently been developed by h . Cantlev's 
laboratory to provide, consensus peptide kinase substrate 
information (Songyang c: al, 1994). Firstly, a degenerate 
peptide library of peptides with a central phcspho- 
acceptor such as tyrosine or serine / threonine flanked by 
four unknown amino acids on each side is synthesised. The 
library is then phosphorylat ed by the protein kinase of 
interest and phosphory ia t ed peptides isolated by DEAE- 
sephacei and ferric chelation chromatography. The 
phosphopept ide mixture is then sequenced and the frequency 
of eacn ammo acid at every position -4 to +4 assessed to 
give a preferred substrate sequence. These studies have 
yielded consensus substrate information, and do not allow 
a detailed analysis cf particular preferences for 
neighbouring residue interactions . Pimi^ryv -h- anal vsis 
was performed solely with natural ammo acids. 

substrate m f o r ma 1 1 o n ; K 1 1 m i , Bio t e c hno i og v C on f e r o n c o 
1996) . Substrate information can also be obtained from 
>;newleoge of tne physiological substrates for the kinase 
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Figures 1 to 14 inclusive exemplify component 
distributions in the plates cf a library matrix; 

Figure 15 illustrates a reaction scheme for production of 
compound number 4: Boc - Val -Ala - leu - H wherein 

isobuty 1 chl ore formate , N -me t hylmcrphol me , then N , O- 
a i me t hy 1 hydroxy i a mi ne HC1 , THF . 

2 1 , o i o xan . iii. is obu tylchlorof o r ma t e , M - 
methylmcrphlme , then Boc-Ala-OH, THF. 

: v , HC 1 , d i oxan . V . Boc- Va I-Osuc, N - me t hv 1 mo rphc 1 i ne , 
DMF . Vi . LAK ; 



rigure 16 illustrates a reaction scheme for production of 
active inhibitors of Der PI, 

Figure 17 shows the molecular structure of the Roche 
protein kinase 2 inhibitors. A; Ro 31-3425/002, 3 - [ 8 { RS ) - 
i ammomethyl ) -6 , 7 , 8 , 9 - te trahydropryr idol [ 1 , 2 - a] mdol - 10 - 
yl ; - 4 - (1 -methyl - 3 - indolyi ) - 1H -pyrrole- 2 , 5 -dione 

::ydr:c:;.:.crid-.:. 2; 2r • 1 - ~ 5 4 9 / 0 C i , - - [1- 3 - ami net ropy ; ■ -1 

hvdr c chic ride . 



* snows tne molecular structure cf the proten 
kinase inhibitor erbstatm, :. stlated from 



: t Description of the 1 nve nticr. 
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The present invention relates to the field of apparatus 
ana methods which provide the rapid generation of 
structure -act ivi ty relationships using aut o - deconvolut mg 
combinatorial libraries, which facilitate the invention of 
novel active compounds . 



We oescribe herein apparatus and methods which can be used 
for the rapid generation cf structure-activity 
relationship {SAP.) data and, therefore, the 
characterisation of the active motif of any group of 
i : compounds . 



The invention provides two orthogonal sets of mixtures of 
compounds in solution providing two complementary 
combinatorial libraries indexed in two dimensions for 
aut cdeconvolution . These are referred to as primary and 
il : secondary libraries. 



The general concept of two orthogonal sets of mixtures 
indexed m two dimensions can be applied to various 
permutations of numbers cf wells, plate layout, number of 
p viT.ut a 1 1 ens per mixture etc:. Kowevei , according to tne 

ihuicateu be ^ i^r l^cran-c containing compounds v.utu 
four variable groups B , C, D and E. 



General Deconvolu tion Formulae 
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i) Primary and Secondary planes preferably have :he same 

number of compounds per well [x] : otherwise there are 
two values, having X. and X,. respectively. 

2; The primary library comprises :np; r 

If Rp.Cp=Rs.Cs, then the number of plates 
library is also [np] . If not, the number 
seccndary library [ns; is: 

ns .-: Ro . Cp . np 
Rs . Cs 

eg. A primary library of np-4 , Rp = 8, Cp=lC can be set 
in an Rs=4, Cs=5 secondary library with the number of 
plates equal to: 

ns = 8 x 1 Q . np 
4x5 

- " 6 p i a t es . 
Number of compounds per well 

R: I d -::r ; :•>- ■ - ■ ; 



m the secondary 
of plates m the 
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r\ = r . c . a . np . e ; ; 2 ) 

When number of wells en a plate ^ CM] , number of compounds 
per well = [X] and number of plates - [np] : 

>: -- X . N . np ( 3 ) 

b However, number of wells fN] is also defined by the number 

of rows ^Rp] and nunujer of columns [Cp] : 

N = Rp . Cp ( 4 ) 

Combining (3; and (4) : 

h - X . Rp . Cp . np { 5 ) 

o Combining (2^ and (5) : 

b . c . d . no . e =- X . Rr . Cr; . nr i & ■ 



Cance^i:;-:: [np) frcm rotn sidt 



o . d . e = X . Rr 



ecuac ^ ::n . 
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left side must be equal in number :o the -umber of rows 

] - So : 



[Cp] : . Rp.e = X.Rd.Cd 



(8' 



Cancelling [Cp; and [Rp] from both sides cf the 



eauaticn : 



o . e = 



where [e] is the number of variants along a fixed row; and 



if Rp=Cp, then Rp.e 



Example 



:or a 1C x 10 x 8x8 format over >: olates 



c rno.e = 8 
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From an understanding of the general deconvolution 
formulae shown above, these skilled in the art will 
readily appreciate that the advantageous results of self- 
deccnvoluticn according to tne invention are obtainable 
utilising a uutroer of different arrangements of wells, 
plate layouts, mixtures etc and that such variants on the 
preferred embodiment illustrated herein are intended to be 
within the scope of the present invention. 



The molecules may oe cyclic or alicyclic. They mav be 
linear or cyclic cn the same structure 



p n 



,a can no on a central scaffold {linear 



vtiic 



1 r 



O J D O i j I 



IT-'- 
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Where the symbol -B-C-3-E- or -3-C-D-nS- is used herein, 
it is to be understood to inolude all of these linear and 
cyclic variants within its definition . 



At least cne bun not all the bonds between 3, e, C , e need 
to be scissile. Xon scissile bends r:ay mc 1 ude 
sulphonamide , urea , aminome t hvl ene . 



Several non- limiting examples of "scaffold" molecules are 
shown in Table 2, m which substituents R : - R 4 correspond to 
possible variable groups E, C, D and E. 

In a first aspect the invention provides novel compounds 
represented by the formula A-B-C-D-nE-F [Z] in which; 
A represents a fluoresccr internal]-.- eruenched bv I 7 ; 

h > C < D ' a - d 1 represent croups sucu that t-- scissile 
bend between any two ct tnese grours is a suitable bond; 

F represents a quencher capable cf internally quenchina 
the fluoresccr A; and 

:: represents an ir.tocrer h-twe^* " ; .: - >- • ■ : • ^ . 
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In some embodiments the suitable bond is an unsubst i tuted 
amide bond (see Example 1! ; m other embodiments the 
suitable bond is an ester bend (see Example 2). 



In preferred embodiments B, C, D, E are ammo acids or 
hydroxy aoids . That is a molecule with an amine or 
hydroxy terminus and a carboxylic acid terminus. The 
amine/hydroxy group may be positioned on the same carbon 
atom or separated by a number of atoms and atom types. 

In a second aspect the invention provides a combinatorial 
library of FRET compounds comprising a mixture of 
compounds of formula [I] 



In a third aspect the invention provides for the use of 
such a combinatorial FRET library i:i a method which 
provides rapid generation of structure-activity 
relationships ( SAR ) which comprises detection and 
measurement of proteolytic enzyme activity by carrying out 
an assay with a library of combinatorial FRET 
'.fluorescence resonance energy transfer 1 molecules to find 
a substrate cr substrates fcr the enzyme. According tc 
tnis method an identified substrate can be svntnesised and 
used m biological assay ici proteolytic enzymes . Novel 
substrates are included m the scope of the invention. 



~crtn aspect the 



- e n 1 1 o n t r a v i a o s 
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identified as a substrate 
w :th the e n zym e separately 
inhibitors . 



is used in an inhibition assay 
against a panel of possible 



In a sixth aspeot the invention provides a set of 
compounds whicn comprises two complementary FRET compound 
libraries. Such a set will be referred to hereafter as 
"apparatus" because it allows for the screening or assay 
method for identifying substrates or inhibitors of 
proteolytic enzymes. This set of compounds constituting an 
apparatus is capable of providing an aut o - aeeonvolut mg 
combinatorial library as will be described below. 

In a seventh aspect the invention provides a method of 
identifying and synthesismg an inhibitor of a proteolytic 
enzyme which comprises detection and measurement of 
proteolytic enzyme activity by carrying out an assay with 
a library of combinatorial FRET (fluorescence resonance 
energy transfer,) molecules, deconvolutmg the library to 
find a substrate or substrates for the enzyme and 
synthesis of an inhibitor based on the substrate or 
substrates. Tv direct product of this method is one or 
:oor-' nr v '-' - pro t -olyt i - enzyme inhibitors. 

in an eighth aspect the invention provides an inhibition 
assay which uses a FRET molecule, which has been 
iientirie:! as a sunstrat^ for tne or.zvme , wherein the 
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lit a ninth aspe:: the invention provides a complementary 
pair of ccmpouni libraries 11 and L2 which constitute a 
set containing compounds of formula: 

Aa-Bb-Cc-Dd-r: (Ee> -Ff -Gq 

giving a x b x o x d x e x f x g . Mn compounds in each 
library, there being a predetermined number (Pi, P2 ) of 
mixtures each consisting of a predetermined number (Qi, 
Q2 ) of individual identifiable compounds in each library, 
wherein both LI and 12 contain the same Mn compounds, but 
wherein any two compounds which are found together m one 
mixture of Ql compounds of LI are not found together m 
any one of the P2 mixtures of L2 . 

In a tenth aspect the invention provides a method of 
screening for encymic activity using the libraries LI , L2 
described above in which cue PI mixtures of LI and the ?2 
mixtures of L2 are each placed separately into individual 
wells of well plates, the well plates having wells 
arranged m a format adapted to allcw deduction of a 
unique active compound formula from the presence of 
activity m n- ■ well . : L; and cue wt-h of LI. 

Tne apparatus of the invention preferably comprises two 
complementary compound libraries, LI and L2 , each 
containing n ;■: l^Ll compounds of the invention, of the 
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A = a fluorescor internally quenched by F, preferably an 
unsubscituted cr substituted anthramlic acid derivative, 
connected by • an amide bend to B 

E ' C ' 3 ' E ' are natural or unnatural amino acid residues 
connected together by suitable bonds, although B, C, D a: 
S can be any set of groups, provided that the scissile 
bend between D - E is an unsubs 1 1 tut ed bend. 

? = a quencher capable of internal;-/ quenching the 
tiuorescor A, preferably an unsubs t i tuted or substituted 
3 -ni trotyrosine derivative. 

G - optionally present and is a hydrcphiiic moiety, 
preferably an aspartyl amide moiety. If present, G 
advantageously ensures that ail compounds m the library 
are imparted with aqueous solubility. Also, G should not 
be a substrate for any type of enzyme . 



n 



any integer between 1 and 4 inclusive 



In an alternative, the scissile bond could be between R-C 
cr C-3. 




t o above ; . 



The numbers represented m subscript following residues 3, 
1, D and 'r. roiei t- - 



numcer :l o 



:m wnicn 
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A - B 1 - C - jj - E . - t - G 

a-e^-c-c-e.-f-:; 

A-3,-C-D-E : -F-G 
A-3.J-C-D-E -F-G 
A-B: --C-D-E, -F-G 
A-B : - Z-D-E_-F-G 

A-3, -G-G-E r -F-G 
A-B,-C-D-E : ,-F-G 
10 A-B, - C-D-E; -F-G 

The general combinatorial formula for each library can be 
expressed as : 

A.-B,, G :c -D P -n (EG -? : -G : [III] 

providing 1 x 10 x 10 x B x n x 2 x lx 1 = 160 On 
is compounds . 



-etn compound libraries 11 and LI, of the above r_ype are 
-ynt::es;:^;i u . . i n . : :;cl;d phase techniques usio.: the 
Mul:ip:n approach-'- cue:, chat each libra" - */ - ~ t a ~ ^ r ~ 1 ^ " rw - 
ccmpounds as dc: mixtures of 20 distinct, identifiable 
compounds. These 20 component mixtures are then placed 
separately mtc each of P0 wells of a 96 well plate (tne 



comer iment s 



iha then 
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libranes LI and L2 (e.g. m the preferred embodiment.: 
16G0n, where n = any integer between 1 and 4" the 
libraries themselves are tompi ementary and amenable tc 
deconvolution without recourse to resynthesis . It is also 
an important part cf the invention that the library matrix 
has been especially formatted so that the most important 
site pairings ?, and P. for proteolytic enzymes can be 
identified immediately without recourse to resynthesis. 



Those compounds cf the type A-B- C-D-E-F-G that arc the 
better substrates for the protease will be cleaved, and 
can be readily identified because the fluoresccr, A, will 
be cleaved from its nearby quencher F , ma time dependent 
manner which can be easily quantified. The fluorescent 
quenching by F of A only occurs when the two are m nearby 
proximity, normally within 3C angstrom units. Hence 
cleavage of a scissiie bond (e.g. the scissile bond D-E) 
allows F to move further away from A and thus allow A to 
fluoresce when excited by light of the correct wavelength. 



:: cm-noun a can ne 



In cms tanner the most, act:.* 
rapidly identified without the need for f 
resynthesis and deconvolution . Moreover , 
that snow the most rapid development of f 
can also ne analysed by mass spectrometry 
comparison with th- original mixture, the 
the mos*- •rffoneir y o-r-y •• — r- : — : 



:he wells 
.uoresconce 

since b v 
ident :. t v of 
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Hence the problem of library aeconvclu:icn can be cverc 
and the most active substrate for the enzvme can be 
rapidly identified . 



In addition, after the initial treatment of the 
proteolytic enzyme with the library mixtures, Li and L2 , 
the residual enzymatic activity m each well can be 
quantified by the addition of the most potent fluorogenic 
substrate for the enzyme, SI, which is found in the 16xn 
compound library. Because or the nature of the library 
design this can be quickly prepared and purified. If ther 
is no appearance of increased fluorescence with the known 
substrate, S 1 , then the presence of an enzyme inhibitor 
can be inferred, which again can be quickly identified 
without the need for resynthesis . 

The general description of the library layout will now be 
described with reference to figures 1 to 14. 



For example, when n-1 and the library contains 160C 
compounds, in the first column of the first row (Al) 

'^■9-1 m the first plate p 1 the library L I , 

• hereinafter desiqnated as vocation Ai,Fl , LI tire re wil 
: -' ccmponent, it, one I component, L, , trie ten h 
components and the two E components [E, and Ey (Fig. 2; 
In the tenth column of the first row (A1CM m the first 

• o£ -j ho library I,: , hier e inai c or designated a: 



hi ' C 'J L_t 
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thereinafter designated as location K10,?l,Li: there will 
be one C component, C : .,, one E component, E,, the ten E 
components and the two E components (E. and E^ . Hence all 
160 ; components arc present m the one plate, because the 
SO wells each contain 20 components. 



A second complementary libra: 



. s oynnnesised a 5 



(Fl 9- — • In the first column of trie first row (Al ; of the 
first plate of the library, L:, (hereinafter 

aej^u;idLed as location A- , Pi , ;■ , there will be ten C 
components, two D components (D : and D-'- t one 3 component, 
E : , and one E component, E.. In the tenth column of the 
first row (A1C- of the first plate (?1; of the library, 
LE , 'hereinafter designated as location Al 0 , PI , L2 ) there 
wi^l oe ten C components, two E components ( D . and D : ; , one 
B component, E_, and one E component, E, In the first 
column of the second row (El) of the first plate (?l; of 
the library, El, (hereinafter designated as location 
B1,E1,E2), there will be ten C components, two D 
components (E : and Dy , one E component, 3 : , and one E 
component, E : . in the tenth column of the second rcw '310' 
of me first plate f?l) of the library, EE, ;B10,?1,EE^ 
rher ' : - — ten C components, two E scmpcnents I ana 

" - ' ' cn ~ - u comp t neni , B_ , and one E ccmp orient - , E . Hence 

c o mt: cunds in total. 



the first 



t n c 
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component, E : (Fig. 4). In the tent:: column of the first 
row (A10) of the second plate (?2) of the library, 12, 
(hereinafter _ designated as location A1G,P2,L2;, there will 
be ten C components, two D components (D ; and D . ) one B 
component, B^., and one E component, E : . In the first 
column of the second row (Bl) cf the second plate ( P2 ) of 
the lmrary, L2 , (hereinafter designated as location 
B1,P2,L2), there will be ten C components, two D 
components (D, and D, } , one B component, B : , and one E 
component, E : . . In the tenth column of the second row (BIO) 
ct the second plate (P2) of the library, L2 , (310,?2,L2), 
there will be ten C components, two D components (D, and 
L_ , one B component, B : ... , and one E component, E, . Hence 
only tne first two rows are used to accommodate 4 0 C 
compounds in total . 



In the first column of the first row (Al) of the third 
plate (F3) of the library, L2 , (hereinafter designated as 
location AI,P3,L2), there will be ten C components, two D 
components (B r and DJ , one 3 component, B :/ and one E 
component, E, (Fig 5). In the tenth column of the first row 
(AID) of the third plate (P3) of the library, 1,2, 
.hereinafter designated as .ocanon A1C,P3,L2 , there will 
: •' cen components, two B components P and 1 , on- B 
cimpcnent , B. , and one E component; , E . . In the lirst 
column of the second row (Bl) cf tne third plate ( P3 ) of 
tne library, LI, (hereinafter designated as location 
-j- j , there will be ten Z components, two P 
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D. ; , one 3 component, B :: , and one E component, E . Hence 
only che rirs: two rows are used to accommodate 4 0 0 
compounds in total . 



In the first cclumn of the first rcw (Al of the fourth 
plate f?4) of the library, L2 , (hereinafter designated as 
location A1,P4,L2), there will be ten C components, two E 
components (D, and DJ , one B component, 3,, and one E 
component, E, (Fig. 6). In the tenth column of the first 
rcw (A10) of the fourth n:are (P4) cf the iibrarv E2 
ineremafter designated as location A10,P4,L2}, there will 
be ten C components, two D components (D- and D SJ ) , one 3 
component, B : ,, and one E component, E, . In the first 
column of the second row (Bl) cf the fourth plate ; P4 ; of 
the library, 12, (hereinafter designated as location 
BI,P4,L2), there will be ten C components, two D 
components fry and DJ , one B component, B, , and one E 
component, E, . In the tenth column cf the second row (310) 
oi the fourth plate (P4) of the library, L2 , { El 0 , ?4 , L2 ) , 
there will be ten C components, two E components (:::-., and 
D,) , one B compcnent , B lc , and one E component, £-_, . Hence 
only the first two rows are used to accommodate 400 
oempcunas in octal. 



- tn.: . :aduc 
spared. In ] 
:-ntains a mi:- 
—rounds for 



vi two cornp i. ement ary _branes, E^ ar 
ibrary, LI, each of the SO of wells 
components providing 16 0C 
In library, El, four cat 



- o c *~ - 



are 
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library LI, bun in a format in which nc twc compounds 
found together m library, LI, will be found together in 
I ibrary , L2 . t 

Thus it is an important part of the invention that the 
compounds contained in the twc libraries Li and L2 are 
themselves complementary, m that any two compounds which 
are found together in a 20 component mixture m the same 
location (e.g. A1P1LH m library LI , are not found 

t OCR t h T" x r ?n\: c *~ r> <=■ On ^ ^m^,-^ ^ t- m ^ ■ _ 

location of the library L2 . 

Tnus , for example, with reference to the crimarv library 
PI LI of figure 2 and the secondary libraries Fl L2 , F2 , 
L2, F3 L2 and P4 L2 of figures 3-6 it is possible to 
deconvolute an exemplary secruence : 



:f this sequence is a substrate fluorescence will occur m 
: 1 LI at CD,. This gives the information that the 
most rate is 



C -D, 
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The confirmation cf -he substrate as 



should be provided by non-rluorescence cf PI 12 , P3 L2 and 
P4 L2 which all contain -3_ -C, -X-E. - where X is not D. 

m practice it is likely that more than one sequence will 
result m a substrate. Information as to which positions 
E-C-D-E- are sensitive to change {i.e. require a specif! c 
grout; and which are insensitive (i.e. can tolerate more 
than one choice of group) m the context of the whole 
sequence gives valuable SAR data which can be used to 
model and/ or synches ise related compounds . 

In analogous examples, where separately n=2 , 3 or 4 , extra 
plates are constructed in library hi format to accommodate 
the component pairs and E, in =2), S, and E. (n = 3), and 
E-, and E B (n = 4) , respectively. For the respective 
deconvolution libraries cf the type, L2 , the respective 
rows m the plates PI , ?2 , P3 , and ?4 , are increasingly 
filled with to- pairea components 2. and D. , L and 22, ana 
' and If, , ana 2. and 2; , tesneot i v- • * 



For example, when n = 2, and the library contains 4800 
compounds, m the first column of the first row {Al n 
the first plate (PI; cf tne fmrarv If, ar T --y^r 
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of the first row (A10> m the first plate (Fl) of the 
library LI, (hereinafter designated as location A1C,?1,L1; 
there will be one C component, It,, one L component, D , 
the ten 3 components and the two E components (E. and E.) 
In the tenth column the eighth row ;H10: m -he firs- 

plate (PI) of the library LI, (hereinafter designated as 
location H10\?l,Llj there will be one C component, Ct .. , one 
D component, Lt , che ten 3 components and the two E 
components (E : and E, ) . Hence 160 0 components are present 
in the one plate, because the 80 wells each contain 20 
components . 



In the first column of the first row (Al ) in the second 
plate (P2) of the library LI, (hereinafter designated as 
location A1 / ?2,L1) there will be one C component, CO, one 
D component, D : , the ten B components and the two E 
components (E ? and E, ; . In the tenth column of the first 
row (A10) in the second plate (P2) of the library LI, 
(hereinafter designated as location A10,?2,L1) there will 
be one C component, c, ., one D component, D. , the ten B 
components and the two E components (E, and E, ) . In the 
tenth column of the eighth row (HID: m the second elate 

[ ' : - o: the library Li, 'hereinafter designated as 
1 scat ion H : there will be one L component, C_ , , err 

D component, P.. , the ren L r-rc-t s and che two E 
components { E , and H, ) . Hence 1600 components are present 
in tne one plate, because the 80 wells each contain 20 
components . 



i £ C "! "'. CI'" 



do: 
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location Al f P2,Ll) -here will be one C component eg, one 
D component, D : , the :en B components and the two E 
components {£, and . In the tenth column of the first 
row (A10) in the third plate ( P3 ) of the library LI , 
(hereinafter designated as location A10,?3,L1} there will 
be one C component, C ll(/ one D component, D, , the ten B 
components and the two E components (E, and E. . . In tne 
tentn column of the eighth row (HI 3) m the third plate 
■P3) of the library LI, (hereinafter designated as 
location K10,?.:. ( L1) there will be one C component, C- , ova 
C component, C„ , the ten E components and the two E 
components (E b and EJ . Hence 16 0 0 components are present 
m the one plate, because the 8 0 wells each contain 2 0 
components. In total the three plate, PI, P2 and P3 , 
contain 1600 ccmpounds/plate 48C0 compounds in total. 

For example, when n = 4, and the library contains 640C 
compounds, m the first column of the first row (Al ) m 
the first plate <F1) of the library LI, (hereinafter 
designated as location Al,Pl,Li; there will be one C 
component, C : , one D component, L : , the ten B components 
and the two E components IE, and E_ ■ (Fig. 7). In tne rent- 
?clunr: cf tnc f — - - n :he first plate (?:;. ci 

the library LI , 'hereinafter designate:: as location 
A10,Pl,L- the- will r- one rcrnpcncnr. . 11 , one I 
component, D : , the ten 3 components and the two E 
components (E. and E : ) . In the tenth column, of the eiqrt^ 
row (HiC: m the first plat- (?!■ - f the librarv LI 
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1600 components are present in the one plate, because the 
30 wells each contain 20 components. 

In the first column of the first row (A.I ) in the second 
plate (?2) of the library LI , (hereinafter designated as 
location A1,P2,LI) there will oe cne C component, c : , one 
1 component, L : , the ten E components and the two E 
components (E. and E,) (Fig. 8). m the tenth column of the 
first row (A10) in the second plate { F2 } of the library 
i-rl, (hereinafter desiyiidLed as location A1C,P2,I_: there 
will be one C component, C : ,, one C component, D : , the ten 
E components and the two E components (E, and E, ) . In the 
tenth column of the eighth row (H10) m the second plate 
tP2; cf the library LI, (hereinafter designated as 
location HI0,?2,L1) there will be one C component, C ;J , one 
L component, E, , the ten 3 components and the two E 
components (E. and E, } 



In the first column of tne first row (Al ) m the third 
plate (P3) cf the library LI, (hereinafter designated as 
location Ai,?3,ll} there will be one C component, C : , one 

L c o mp c n e n t , I , the ten E c omn o n e n *~ s a n ^ *- ^ ^ ----- - 

components (E. and E. .'Fig. 9 . In the tenth column cf t- 

thi i u p ^ at e i ?2 1 c f the i ib r arv LI 



1 1 r s t i o w ( A 1 1'. in L::~ 



^remafter designated as location A10,P3,L1 



:ner^ wi i 



wiE. 



be one 2 component, CV , one L component, b : , the ten fi 
components and the twc E components (E. and E.. ■■ . In the 
tent:: column :: tne eighth rev; ; HI •; • m the third slat- 
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D ccmponerc, L w :he -en E components and the two E 
components (E, and E,y) 



In the first column of the first row (Al) m the fourth 
plate (P4) of the library LI, (hereinafter designated as 
location A1,?4,L1} there will be one C component, C\ , one 

component, D. , the ten 3 components and the two E 
components { E- and E. ) (Fig. 1 C ; . Likewise, m the tenth 
column of the first row (A10.) in the fourth plate (P4) of 
the libra, ry LI, (hereinafter d"<— 

A10,P4,L1> there will be one C component, c : ,, one D 
component, L\ , the ten B components and the two E 
components ( rt and E, ) . In the tenth column of the eighth 
row (H10) in the fourth plate ( P4 } of the library LI, 
[hereinafter designated as location H10 / P4 / L1) there will 
be one C component, C J0 , one D component, D a , the ten B 
components and the two E components (E 7 and E 8 ) 

A second complementary library is synthesised as follows. 
In the first column of the first row (Al) of the first 
plate (Pi; of the library, L2 , (hereinafter designated as 

location A.,:-.,L2; , there will be ten C components, two L 
components ( L _ ana L. ■ , one £ comocnent , L- _ , ana one E 
component, E V: : . . : n Lr _. : . tenth column cf the firs;: 

rcw uAlO^ of the first plate tPI- of the library, L2 , 
(hereinafter designated as location A10,F1,L2 X , there will 
be tne ten C components, two r: components ID- and Ly , one 
L component, L. , and one E component , E. . In the first. 
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components (20. and By ; , one E component:, 3 ;# and one E 
component, E„ . In the tenth column of the eighth row ( H I C ) 
cf the first. plate (PI) cf the library, L2 , (H10,P1,L2) 
there will be the ten C components, two D components (D, 
a::d C ^ ■■ one R component, B : ,, and one E component, E R . 
Hence the matrix containing all ten columns and all eight 
rows are used to accommodate 1600 compounds m total. 

In the first column of the first row (Al) of the second 
plate (F2! of the L2 , (hereinafter designated as 

vocation A^,P2,1 ) 2;, there will be ten C components, two B 
components ( D , and Dy , one B component, B : , and one E 
component, E> (Fig. 12). In the tenth column of the first 
row (AlC) of tne second plate (?2) cf the library, L2 , 
(hereinafter designated as location A10,P2,L2), there will 
be ten C components, two D components (D 3 and D, ) , one B 
component, B 1(J , and one E component, E : . In the first 
column of the second row (El) of the second plate (P2) of 
tne library, L2 , (hereinafter designated as location 
£i,?2,L2: / there will be ten C components, two D 
components (D : and D, ) , one 3 component, B 1 , and one E 
component, E z . In the tenth column of the eighth row (H1C) 

zir ~ ^—ono ;;Iato 1. cf the Iibnrv, L2 , ( K 1 n , 2 2 ; 
there v;:L be ten 1 o omponert s , two 2 components : 2- ana 
- i one r, component , E : , and one E component, E. 



-n tne first column o: the first row (Al) cf the third 

t: ' — — ^-icrary, 21, 'hereinafter designated as 



- o to m i w , t cr:t 1 1 
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row (A10) cf the third place (?3; of the library, L2 , 
(hereinafter designated as location A10,?3,L2), there will 
be ten C components, cwc 3 components (D, and 3J , one B 
component, B 1C , and one 3 component, E : . In the first 
column of the second row (31) of the third plate (?2 ) of 
the library, 32 , (hereinafter designated as location 
3^,?3,L2>, tnere will be ten C components, two 3 
components { 3, and D, ) , one 3 component, 3,, and one S 
component, E : . In the tenth column of the eighth row (H10) 
of the third plate (P3) of the library, L2 , ( HI 0 , P3 , L2 ) , 
there will be ten C components, two 3 components <;:;-, and 
2,;, one B component, E.-, and one 3 component, E. . 

In the first column of the first row {AD of the fourth 
plate (P4) of the library, L2 , (hereinafter designated as 
location AI,?4,L2), there will be ten C components, two D 
components (C and 3J, one 3 component, 3,, and one E 
component, E : (Fig. 14). In the tenth column of the first 
row (A10) of the fourth plate ( P4 ) of the library, L2 , 
(hereinafter designated as location A10,P4,L2), there will 
be ten C components, two 3 components (D-. and 3.) , one 3 
component, E 1: , and one E component, E . In the first 
column of the second row iEl ; of th- fourth clot- ■' P4 : 
the library, 32, : he re i na f t er designated as location 
31,34,32', tnere will be ten C components, two 3 
components (3- and 3y , one 3 component, 3 , and one E 
component, E. . In the tenth column of the eighth row H 1 C 
cf the fourth plate ( P4 - of the library, 32, ■ HI : , ?4 , L2 , 
ther- will h- * - • • — • • . . ... T - , ... . .. .......... 
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The FRET strategy is based on the synthesis of two 
orthogonal sets of mixtures in solution. These solutions 
are each indexed m two dimensions. Thus the data from, 
for example, a protease scan identifies the most active 

compounds withou*" t-'h^ f^>~ _ .. 

The positional preferences of sub-units ( m this case 
ammo acids) are optimised with re sneer, to all c~her 
variant positions simultaneously. The synergistic 
relationship between all four positions is realised and 
both positive, beneficial and negative, deactivating data 
are generated. This leads to families (sub-populations) 
of substrates and their sub-unit preferences. The data 
can be fed into molecular modelling programs to generate 
pharmacophore descriptors that encompass both the 
desirable features (from the positive data) and indicate 
undesirable interactions (from the negative data sets) . 
Note that a one dimensional scan only indicates one 
position at a time as 'most active 1 and does not explore 
the synergistic relationship between positions.. 

The general methodology exemplified above with regard to 
the use of complementary combinatorial FRET libraries for 
the identification of proteolytic enevme substrates, io 
equal Iv applicable f " ^ - - - f - - , - ^ ~ - - -^^^.^ 
1 ibrary which interact v;i th anot he ■ - — .-. ^ ~ , ^ , . 
Combinatorial libraries of compounds containing four 
variable groups 3, C\ T and s can be produced an 
interactions v:ith active moieties detected usina GU:ta -u 
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Fcr example, the active moiety may be a protein kinase 
Protein kinases include (but are not limited to! the 
following : 



ZAP -70, Sy k , p 5 6 1 " , p 5 9 ' , Yes, Hck , S r c , B t k , Elk, L vn , 
Raf, EGF kinase, Insulin receptor kinase, oyciir dependent 
kinases, Bci-AbI, lkB-kmase Otermmal kinases, lk3 N- 
terminal kinases, Jak kinases, MAP kinase kinases, MAP 
kinase kinase kinases, MAP kinases (Erks 1-3, p33 and Jun 

kinases) . STA m ^-nilv c- f ^-r™ ^=> i o >- -; ^ ^ / <- ■ _ - 

protein kinase A, protein Kinase 3, all protein kinase c 
iso forms . 



The active interaction of a protein kinase with a compound 
m a library may be detected, for example, by 
radioactively labelled phosphorylation of the substrate in 
the 1 ibrary . 

Thus it is possible to identify peptide substrates of 
protein tyrosine kinase by phosphorylation of exogenous 
peptide substrates present m a library. The assay uses 

Lhe transfer of P from raaiclaoelled ATP to ly si ne - t agged 
tyrosine-peptides substrate as a measure or kinase 
activity. The peptide bmas to neqathvelv charaed 
membrane and is washed free of unincorporated [y--'P>ATP. 
The detection of 3-energy emission using a fluor- 
contaming scintillant on n :<-ceunter instrument prcvides 
the measurement of DerHi- rlorr h^ r\- n t ^ — 
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In another example the active moiety could be a 
glycosidase and the interaction would be with enzyme 
substrates m tne library. In such a case a scissile bond 
between at least one of the groups B, C, D and E would be 
an acetal or glycosidie bond. The groups 3, C, D and E 
could be selected from furanosides and pyranosides. 

In another example the active moiety could be a nuclease. 
In such a case the sciss;le bond would be a phosphodi es t er 
bond and rhe o-ouns B r n a nn ir t.T^ ni -i ^ ^ _ ^ . ^ _ 



The general methodology of the present invention can also 
be applied to the detection of an interaction between an 
active moiety such as a receptcr and a library containing 
Iigands for the receptor. Examples of receptor / 1 igand 
interactions are shown by way of non-limiting illustration 
be low : 

Cherr.okine recent or / chemokine i.e. CKR3/Eotaxm 

SH2 dcmam/prolme amino acid sequence i.e. Grb2/SOS 
pept ide 

>w\ uoma i n / p r o ^ i ne amine acid sequence i.e. Va: ■ Yes -- 

SHI dcmam/pncsphopeptide i.e. Grb2/LNK phosphopep t ide 
Lectin domain/ 1 igand i.e. CD72/CD5. 
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The reporter cr marker for detection cf a reaction in 
receptcr/ligar.d and ant ibody / ant igen libraries could be 
similar. Suitable reporters are, for example, (but net 
limited to) : 



1- Biotm tag on the iigand using s t reptavidm - HHP for- 
do test ion , 



Alkaline phosphatase tag, 



Radioisotope tag. 



The invention will now be described by reference to the 
io following examples. 



Example 1: Cysteine Protease Inhibitors and Substrat 



es 



In this Example the proteolytic enzyme of interest is D 
PI, which is found m house dust mite faeces. The exarr.pl 
illustrates the synthesis of a number cf FRET compounds 
which the suitable bend is an unsubst i tuted amide nond , 
tneir use as library for screening f cr potential 
substrates of Per P.; , and subsequent icent ^ i i ca t ion ana 
synthesis of active inhibitors of the enzvrr.e . 



er 

e 



Purification of Der pi, 
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potassium phosphate; pH 7.4 containing 150 mM NaCl Der pi 
was purified by affinity column chromatography usma 4C1 
antibody i indoor Biotechnology, Deeside, U.K. ; The crude 
preparation was mixed with ~2 ml of affinity resin for 2 h 
at 4°C and then washed with 2-3 volumes of PBS. Eiution of 
bound protein was carried out using 5mM glycine containing 
50%{v/v) ethylene glycol. Fractions (2 . 2 ml; were collected 
and neutralised with 0.3 ml of 0.2 M sodium phosphate 
buffer, pK 7.0. The fracticns were pooled and dialysed 
cvernight against 4 L PBS followed by a second dialysis 
against 2 L PBS for 2-3h. The total protein was 
concentrated as required by ultrafiltration (MacroSep; 
Flowgen , U.K.) 

Synthesis of compounds 

Tne compounds were synthesised using the Multipm 
approach*---- 11 using Fmoc-Rmk amice Macro crowns (Chiron 
Mimotypes Pty., Ltd., 11 Duerdm Street, Clayton Victoria 
J 16 8, Australia) with a loading of 7 /iMoles . 

- ne a::: — c ' aci residues each of the comncunds were 

cnemistry employed is similar r r~ tnat retorted m th^ 

- i terature : ' f or f luorenylme thoxycarbony 1 protected ammo 
acids and activated pentaf luoropnenyl esters, in which the 
side-chains are protected using acid labile protecting 
arour s known — t ho^s e s k i 1 " ~ - - , . ... 
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ct Aspartic acid and Glutamic acid, Tntyl- (fcr the Amide 
cf Asparagme and Glut amine, and the amine f unc t icnai 1 z v 
c f the Hist idme ring . 

The N-ot-f luorenylmethoxycarbonyl protecting group of the 
coupled residues were cleaved using 2 0 piperidme in 
dimethylf ormamide (DMF) for 30 minutes at 20" C\ The 
coupling reactions for the free acids such as 3oc-A3z-OH 
(3oc-2 -amincbenzoic acid) , and Fnoc -( 2 -nitro ) tyrosine -CH 

-ou^^.oi^u ^^^.^ uuuivu.^u.d c^ a mixture or tne 

free acid {1 eq.) : TBTU (0.98 eq . ) : HOEt !3.93 eq.i : N- 
methyimcrphciine (1.96 eq.) m dime thyl f crmamide (200 /ih; 
as solvent for 5 hours at 20°C. The other ammo acids were 
coupled as their pent af luorophenyi esters 26 for 2-6 hours. 

Hence, in order to couple approximately equal ratios cf 
each component m the mixture of the derivatised amino 
acids as their pentaf luorophenyi esters, a solution of a 
total of 0.98 equivalents ( relative to the amine group 
loading on tne crown) of the mixture of amino acid 
pentaf luorophenyi esters : HOBT (1 eq . ) m DMF {500 ^L) 
were coupled for 1- hours at 20 2, The nins were then 
wosoed well with DMF and then recoup led using the same 

equivalents =' relative to tne ammo group loading of the 
crowns for 2 hours m DMF was performed using tnis 
c oup 1 1 ng protocol w 1 1 h eqm mc 1 a r mi x t ur e s o f t he 
derivatised pentaf luorophenyi esters cf tne amino acids on 
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2 0 compounds present cr. each crown. The compounds were 
cleaved from the crowzis directly into the 80 designated 
wells of the. desired 96 well plate. In the cleavage 
protocol each crown was treated with a mixture (600 /iL) 
containing tri f lucrcacet ic acid (95%), t ri ethyls i lane (5%) 
for 2 nours at 2CT C. The crowns were then washed with 
trif luoroacetic acid (500 M L) and this was then confined 
w 1 1 h the c 1 e a vag e sol u tic n . 



The FiT;C c ~ R. i n h ami ^ ^ m -i > ^ ^ , . ^ i r^\^ -; ^~ * /t „, „ „ _ _ ^ ^ 
Ltd., 11 Duerdm Street, Clayton Victoria 3166, Australia; 
at 7 uKol loading per crown, were coupled with a 10 fold 
excess of a mixture containing L - Fmoc -Asp (O- t -Bu ) -OK (leq; 
using TBTU (0.98 eq) and N - me thy imorphol me (1.96 ec.) in 
the presence of HOB t (0.98 eq.; m DMF at 2 . 14M 
concentration. After deblocking of the Fmoc group with 20% 
pipendine m CMF for 30 minutes and subsequent washing 
with DMF and then methanol, coupling of the Fmoc- (3- 
nitro) tyrosine-OH was acccmpiished using 10 equivalents of 
a mixture of the Fmoc - { 3 - ni trc ) tyrosine -CH (1 eq.) : TBTU 
;t.^8 eq.) : HOB t (0.96 eq. ; : N - me thylmorpho 1 me 11.96 
eq.) in dime thyl f ormamide as solvent at 0.14 M 
concentration lor 3 hours at 20 3. Removal the Fmoc 

group : vide intra' was: ft 1 lowed by couclmg of the 
mixtures of amine acids m tne ratios outlined and under 
tne conditions described .vide infra) 



exatr.pl v ::>.- ammo anas comnrismc 
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comprising group D include Ala, Val , lie, Leu, Nle, Se 
G^u, Pne . For n=4, the amino acids comprising group E 
include Ala, .Val, lie, Leu, Nle, Ser, Glu, Phe . Others 
any selection from the amino acids can be made for n=l 



Toe plates containing the combined cleavage solutions anc 
were then evaporated to dryness to yield the component 
mixtures using a rotary centrifuge ■; "SPEEDVAC" , Savant 
Instruments Inc., Farmingdaie, NY) at SCO rpm for 1 houi 
at 2C C under a reduced pressure of 1C - mmHa. Each 
component was then transferred to the final mother plate 
using a {50%; 45%: 5%) mixture of ace torn tri le : water: 
acetic acia. Tne plates were then iyophilised to dryness 
using at 20 : ' C under a reduced pressure of lCr : mmHg , and 
then stored at -20° C. In this fashion libraries of the 
type shown in Figures 2-14 were prepared. 

In further detail, the Multipm approach which was 
employed is described below: 

Multipin Synthesis Of Potential Substrates of Der pi 

In-:: ' Cmrcn' multipm kit consists ci a standard a x 12 
pm hoiaer containing 96 v pm stems' to which are 
reversibly attached v crowns ' . The v crowns' provide a 
reactvve pc_ymer surface upon which a growing peptide is 
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reactor by performing simultaneous synthesis in individual 
ImL wells of industry standard 96 well plates. Each well, 
and thus each crown, can be charged with a unicrae set of 
reagents providing unique sequences to each crown. Common 
steps such as washing or removal cf Na< protection can be 
performed ccncomi t ant lv . 



Synthesis is based upon the use of Na- 

f luorenylmethyioxycarbonyl (Fmocj protected amino acids. 
Side-chains n £ rri -f-rrnon^: ^i.nc acids are protected 
with acid labile groups such as trityl or tert-butvi. The 
addition of ammo-acid residues to the growing peptide 
chain, a process termed ^coupling' proceeds through the 



utilisation 



pre-rcrmed pent af luorophenyi ipfp) est 



er £ 



or activation of the free acid, using the reagents KBTU or 
BOP in the presence of tertiary base (NMM) and HOE t as 
catalyst . 



The experimental techniques used are fuilv documented 
(Maeji, N. J. Bray, A. M. Valeric, R. v. and Wang, VA , 
Peptide Research, 8(1), 33-3S, 1995 and Valeric, R. M . 
Bray, A. M. and Maej i ., M. J. Int. JA Pet;:. Proz . Re^ , 44 
1 5 ^ - y y 19 9-A ; and t^^ -^a ~ r — t • • -^-^ h^^"''' a" lov" 

General Methods 



Preparation of Multipin Assembly 
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onto stems and slotted into the 3 :■: 12 stem holder in ti 
desired pattern for synthesis. 

Removal of Na-Fmoc Protection 



A 250mL solvent resistant bath is charged with 200 ml of - c 
20% piperidme/DMP solution. The multipm assembly is 
added and deprotecticn allowed to proceed for 3 0 minutes 
The assembly is tnen removed and excess solvent removed b\ 
brief shaking. The assembly is then washed consecutively 
with <2Q0mL each), DMF ; 5mins ) and Me OH (Smins, 2mms , 
2mms; and left to air dry for 15mms . 

Quantitative UV Measurement of Fmoc Chromophore Release 

A lorn path length UV cell is charged with 1 . 2mL of a 20% 
piperidine/DMF solution and used to zero the absorbance of 
the UV spectrometer at a wavelength of 290nm. A UV 
standard is tnen prepared consisting of 5 . Omg Fmoc- 
Asp ( OBut ) - Fepsyn KA ( 0 . 0 Smmol/g ) m 3 . 2mL of a 20% 
piperidine/DMF solution. This standard cives Abs-, = -0.55- 

(at HT;. An aliquot of the multipm deprotection 
solution is men diluted as appropriate o: give a 
mtoietica-. ^..y. - 0 . , and tnis value oompareu v;itn the 
actual experimentally measured absorbance showina the 
efficiency of previous coupling reaction. 
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Whilst the muitipin assembly is drying, the appropriate 
Na-Fmcc amino acid pfp esters (10 equivalents calculated 
from the loading of each crown) and HOB t (10 equivalents'; 
required for the particular round of coupling are 
accurately weighed into suitable containers . 
Alternatively, the appropriate Na-Fmcc ammo acids (10 
equivalents calculated from the leading of each :rown) , 
desired coupling agent e.g. H3TU (9.9 equivalents 
calculated from the loading of each crown; and activation 
eg HOB t (9.9 equivalents calculated from the loading of 
each crown), NMM (19.9 equivalents calculated from the 
loading of each crown] are accurately weighed into 
suitable containers . 



The protected and activated Fmoc ammo acid derivatives 
are then dissolved in DMF (500^1 for each macrocrown, e.g. 
for 2 0 macrocrewns, 2 0 x lOeq x 7mmoies of derivative 
would be dissolved in 10 COO^L DMF) . The appropriate 
derivatives are then dispensed to the appropriate wells 
ready for commencement of the v coupling cycle' . As a 
standard, coupling reactions are allowed to proceed for 2- 
6 hours (depending upon nature of coupling e.g. Ala to Ala 
2 hours Vai t: heu 6 hours. 



When coupling Fmcc ammo-acid pentaf luorcpner.y 1 esters , 
lOeq of derivative m DMF 4 00^1 with brcmcphencl olue 
stock solution (100^1 < is used for each macrocrown. Tni 
allows monitoring of the progress of the aciation 
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unreached amine to a pale yellow upcr. completion of 
a cy lac ion . 



Preparation of Bromophenol Blue Stock Solut 

Bromophenol blue '20mg; is dissolved i;: DMF 
HOB t ClOmg) added. 



Washing Following Coupling 

If a 20% piperidme/DMF deprotection is to immediately 
follow the coupling cycle, then the multipm assembly is 
briefly shaken to remove excess solvent washed 
consecutively with (200mL each), MeOH {5mrns) and DMF 
(5mins) and deprotected (see above) . If the multipm 
assembly is to be stored, then a full washing cycle 
consisting brief shaking then consecutive washes with 
(200mL each) , DMF {5mms) and MeOH ( 5mins , 2mins, 2mms) 
is performed. 



Acxdolytic Mediated Cleavage of Peptide-Pin Assembly 



Acid mediated j_eavuge protocols are strictly performed i: 
a fume hoed. A polystyrene 96 well plate ( ImL ; well* is 
labelled, then the tare weight measured to the nearest mo 
Appropriate wells are tnen charged witn a : r i f iucroace 1 1 :: 
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The muitipin assembly is added, the enure construct 
covered ir. tin foil ana lefc for 2hrs . The multipir. 
assembly in then added to another polystyrene 95 well 
plate (iml, /well) containing trif lucroacetic acia / 
triethylsilane (95:5, v/v , 600^1} ;as above) for 5 mins. 

The cleaved assembly is washed with DMF ;200 M 2, 5mms) , 
MeOK ,'20C.uL, 5mms ! , the spent crowns removed and 
discarded, the stems removed and washed by sor.ication m 
methanol ( lhr , RT) 



Work up of Cleaved Peptides 

The primary polystyrene cleavage plate (2hr cleavage) and 
the secondary polystyrene plate (Srr.in wash) (see above) 
are then placed in the SpeedVac and the solvents removed 
(minimum drying rate) for 90mms. 

The contents of the secondary polystyrene plate (see 
above) are transferred •■ - ccr:e^c:u:n, well;, cn cr^ 

primary plate using a:: acecor.itril* / water / acet.c acid 

:■: iiijiii ■ ar.a r.he spent 



se 



condary plat-_- discarded 



Analysis of Products 
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C.l%aq tr:fluorcace:ic acid, Solvent E - acecomnnle / 
10%A. Gradient :- 10-90% B in A over 27mms, 250ml / mm, 
215nm UV detection. The individual substrates described 
below were prepared by the above methods and shown bv 

t mass . 



HPhC-MS to be ^>95% with the corr^ 



Final Lyophilisat ion of Peptides 

The primary polystyrene plate (plus the washings from the 
secondary plate) is covered with tin foil, held to the 
plate with an elastic band. A pin prick is placed m the 
foil directly above each well and the plate placed at 

" 8 ° c,::: for 30mms. The plate is then lyophilised on the 
% Heto freeze drier' overnight. Where appropriate 
individual peptides were then weighed and dissolved to 
lOmM stock solutions in DMSO prior to biological 
screening. Alternatively the 20 component mixture is 
weighed and the peptide/20 component ratio is calculated. 



Further coupling of ammo acid residues was carried out 
according to the multipm approach described above. Whilst, 
* * - <^sen±)ly was drying, the appropriate X^-Kmcc 
a " id53 1 ^ivalents calculated from tne loading t: 

calculated from the loading of each crown; , HOAt catalvst 
(9.9 equivalents calculated from the loading of each 

calculated from the 



and DlmA : 1 . ■?« equivalent 
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The protected Na-Fmoc amino acids and coupling agents were 
then dissolved m DKF (500 M i for each macrccrown;. and 
activated by. the addition of 31 PEA . The appropriate 
derivatives were then dipensed to their appropriate wells 
and as standard coupling tc 
to proceed for 2 hours. 



each macro crown was allowed 



When c o uo 1 i nci 



:articular2v h 



nmaered ammo acid residues 



such as N-Methyl, Ca-Methyl or unusuai ammo acids (whose 
coupling etticiency is unknown) the coupling reaction was 
repeated, as standard, for a further 2 hours. 

Substrates for Der pi 

Using the general techniques described above, the 
following compounds were prepared and assayed as potential 
substrates against Der pi purified as described above . 



J eptiae [SEC 



Nos . 1-76^ 



Measured ?L i^M ) 



:ih 



. -Asp-MH 
iso -NH . 



:i-V..il - Ala-N:e-::'er-Tv: 
H-A^d-Nle-Ser- T vr ; KG ■ 
Ac - Vai - Al a - Ml e - Ser - Tyr ( NX. ) -Asp- NH , 
H-Val -Ala-KT. e-5er-Tyr (NO- .- -NH . 
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Abz-Val -Ala-Nle-Ser-NH, 
Ab z - Va 1 - Al a - Nl e - S o r - Pne - Asp - NH 
Ahz-Val-Ala-Nie-Ser- Tyr -Asp- NH, 
Abz - Val -Ala -Nle-Ser -Ala -Asp-NH, 
At z - Val -Ala -Nle - Ser - Lys -Asp-NH. 
Ab z - Va 1 - Al a - Ml e - 3 e r - eAHA - Asp - NH .. 
Ab z - A 1 a - Nl e - S e r - Ty r ( NO . ) - As p - NH 
Abz -Nle-Ser -Tyr (NOO -Asp-NH, 
Ez-Val -Ala-Nle-Ser-Tyr (NO.; -NH. 
Bz ( 2 -carboxy } - Val -Ala-Nl 



r-ber-Tyr (NC ; .) -NH- 



Chex-Val-Ala-Nle-Ser-Tyr (NO,/ -NH, 
n-Bu-Val - Ala-Nle-Ser-Tyr iNOO -NH , 
Piv-Val -Ala-Nle-Ser-Tyr {NO ) -NH~ 
Bz -Val -Ala-Nle-Ser-Tyr (NO- .! -NH-. 
Abz-Val-Ala-Lys-Ser-Tyr (NO; -Asp-NH ;: 
Ab z - Va 1 - Al a - G 1 n - S e r - Tyr { NO, ; - Asp - NH- 
Ab z - Va 1 - Al a - Tnr - Ser - Tyr { NO. ) -Asp - NH, 
Abz-Val - Ala -hOeu -Se2 
Abz 



■Tyr (NO, ) -Asp-NH^ 



' -J. ~ J. c 



Abz-Val-Aia-H:^ 

Abz-Val-Ala-DN! 
Abz - Val - Ala - 



As;; - NH 



AC Z 



:-Tyr CIO.) -Asp-NH 
:-Tyr (Nl :- - Asp-NH. 

Tyr n; ■ ast :;o 



nm 

NM 

NM 

NM 

NM 

NM 

NM 

NS 

NM a 

NM ri 
NM a 
MM a 
NM a 



NS 
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AJD2 

Ab z 
Ab:: 

Abz 
Adz 
Abz 
Abz 
Abu 
Abz 
Ab z 
Abz 
Abz 
ATdz 
Abz 
Abz 
Abz 
Abz 



-Val -Tic -hLeu-Ser-Tyr (NO. ; -Asd-NK- 
-Val -ACK- hLeu-Ser-Tyr (NT J -AsD-N?i 

■ Val -Met (C) -hLeu-Ser-Tyr (NO, ) -Asp-NI- 

■ Va I - 2Na 1 - hLeu - Se r - Ty r ! NC : ) -Asp-NH 
Val -AC? -hLeu-Ser-Tyr (NO. ) -Asp-NH, 
Val -3Lys -hLeu- Ser-Tyr (NO, ) -Asp-NH, 
Val-DGln-hLeu-Ser-Tyr ,:;■:,) -Asp-NH : 
Val - 3 pyr- hLeu-Ser-Tyr (NO, ) -Asp-NH 
Val -Cha-hLeu-Ser-Tyr (NO = -Asp-NH. 

" L:Va 1 - A 1 a - hL eu-Ser- Tvr t O L } - Asr - NH 
-Gln-AIa-hLeu-Ser-Tyr (IK . ■ -Asp-NH. 
-Lys- Ala -hLeu-Ser-Tyr {ML .■ - Asp-NH- 
-Tic -Ala -hLeu-Ser-Tyr (NO, ■ -Asp-NH- 
-ACH-Ala-hLeu-Ser-Tyr (N:\- -Asp -NIL 
-Met (O) -Ala-hLeu-Ser-Tyr (NO, ) -Asp-NH, 
- 3 pyr - Al a - hLeu - S e r - Ty r (IK : ) -Asp-NIi . 
-2KaI -Ala-hLeu-Ser-Tyr (NO ) - Asp JH 
-Leu-Ala-hLeu-Ser-Tyr (NO : ) -Asp-NH 
eu-Ser-Tyr LMy :■ -Asn-NH 



Ab 
Ab 
Ab 
Ab 
Ab 



-Bip-Ala-hLou-Leu-Tvr (N : 



-Asp - NH. 
-Asp-NH 
- Asr>-NH 



z - B 1 p - Al a - hLeu - Lys - Tvr ( N O- 1 - As - NH 
z -Bip -Ala -hLeu -Asp -Tyr (NO ; - Asp-NH 



N£ 
NS 



NS 



NS 



>1: 

NS 

NS 



IS 
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Ab z - 3 : p - Al a - hLeu - Thr - Ty r (NO,; -Asp-NH 
Abz-3ip-Ala-hLeu-3pyr-Tyr (KO : } -Asp-NH 
Anz-Bip-Ala-hLeu-Bu^GIy-Tyr (NO,) -Asp-NH_ 
Abz-Bip-Ala-hLeu-Hyp-Tyr (NOO -Asp-NH, 
Abz-Phe-Val-Ala-Nle-Ser- Ty r ( MO, } - Asp - NH 
Abz-3 . Pyr-Val-Ala-Nle-Ser-Tyr (NC ) -Asp-NK : 
Abz - 1 . Naph-Val -Ala - NIe - Ser - Tvr (NO- ' -Asp-NH 
Abz-2 . Naph-Val -Ala- Nle-Ser-Tyr (NOO - Asp-NH - 
Abz-Tyr-Val-Ala-Nle-Ser-Tyr(NO,) - Asp - NH, 
Abz -Bip - Val -Ala -NIe - Ser-Tvr ( NO- ■ -Aso> -NH- 
Abz-Lys-Val - Ala - NIe - Ser - Tyr (NO,) -Asp-NH-, 
Ah z-Glu-Val-Ala-Nle - Ser - Tyr ( I JO, ) -Asp- NH . 
Abz- Leu -Val -Ala -NIe - Ser- Tyr (NO, ) -Asm-NH- 
Abz- Hyp -Val -Ala- NIe -Ser -Tyr (NO,) -Asp-NH, 



NS indicates chat the peptide 
Jtl . 



NM indicates tnat the peptide 
out the was net measured. 




was net hydrolysed bv Dei- 



was a substrate tor Der c; 



by HPOO^yS sr::;ung 
e - S e r - . 



Ran k e d m or d e r of c 1 e a v a a e r a t e : - E r 
Bz(t -car boxy ■ Abz. 



^ u u O i i i L i w c r i 1 1 i 1 r. ^ ta L ^ t 
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Coupling of amino acid residues was carried out according 
to the multipm approach described above. Whilst the 
multipm assembly was drying, the appropriate Na-Fmoc 
amine acids (10 equivalents calculated fro-, the loading of 
each crown), HATU coupling agent (9.9 equivalents 
calculated from the loading of each crown; , HO At catalyst 
(9.9 equivalents calculated from the loading of each 
crown! and D I PEA (19.9 equivalents calculated from the 
loading of each crown) were accurately weighed into 
suitable containers. 



The protected Na-Fmoc ammo acids and coupling agents were 
then dissolved m OMF (5CC M l for each macrocrown; and 
activated by the addition of DI PEA . The appropriate 
derivatives were then dispensed to their appropriate wells 
and standard coupling to each macrccrown was allowed to 
proceed for 2 hours . 



is 



When coupling particularly hindered ammo acid residue: 
such as N-Methyl, Ca-Meth y : or unusual ammo acids (whose 
coupling efficiency is unknown) tne coupling reaction was 



Peptide Sequence ;SEQ IT Nos . — - = ■: ^ Measured Kr. tX v 
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Abz-Val-Ala-Aib-Ser-Tyr (NO. ) -Asp-NK- 
Abz-Yal-Aib-Nle-Ser-Tyr (>JO_ ) -Asp-NK- 
Abz-Deg-AIa-i;ie-Ser-Tyr (NO : ) -Asp-NH 
nP-u-D . Ser-D .Nle -D.Ala -D .Val -p .Aba -NH, 
Br. - Va 1 -Ala-Statine-Ser - e Aha - NH - 
Abz-p . Aba-Nle-Ser-Tyr (NO : .) -Asp-NH, 
At z-Cmpi-Nle-Ser-Tyr (NO, ) -Asp-NH : 



NS 



MS 

NS 
KS 



MS - Not Substrate: Not hydrclysed by Der ol 

MM - Substrate but not measured: Substrate for Der el but 



not measured . 



Assay procedure 



Each mixture of 2 0 compounds in the libraries of the 
apparatus described herein was screened at a concentrator 
of i.c uM per compound m an assay against the cystemyl 
protease Der pi . The most active wells were identified bv 
the rate of emission of fluorescence at 420 nm when the 
samples were irradiated or 320 nm . An nnalvs;s of — - two 
complementary libraries showed that tne best substrates 



Abt-E- C-u- » -Tyr (NO 2 ) -Asd - NH2 



ooso i ; ; J" 7 *^ S r: E E : r R U L E 26' 
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E= Serine 



The nest substrate was 



'SEQ ID:1] Arc-Val-Ala-Nle-Ser 



"Asc-NH- 



This compound was then resynthesised as a single component 
using zhe peptide synthesis r.e:hodology described herein. 
Tne . / K,„ value for the n:ire qnhqfr^r^ : n *- h ^ n ^ -k- ^ t „ „ _ , 
was measured as 3.5xi0 4 M L s and was considered to be 
suitably high for use in a high throughput assay for the 
general screening of inhibitors cf Der pi. 

High throughput assay development 

Plate assays were carried out in 96 well plate format, 
using C.l ug cf Der pi per IOC assay volume m each 

wel^ ana using 20 of the substrate. All assays were 

performed m Assay Buffer (AB ; 50 mM potassium phosphate, 
pH 8.25 containing imM ethylenediammetetraacet ic acid 

KTT7, and Iml-l di r hi c z nr e 1 1 a . (ITT . The le? t:-l enzvme :s 
pie - act i vated by addition of TTT and this m incubated at 
room temperature for h mm. prior z : miciation of the 
assay . As an example for the screening methodology , each 
well contains a 5 uL of a 20 uM solution cf the test 
compound m DM SO , TO U L of a 20f fct M aqueous solution cf 
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machine. Kinetic measurements were carried our using a 
Hi tachi F-4500 Fluorescence Spect rophocomec er . 

Synthesis of inhibitors of Der pi 

The best substrate described above was shewn by KPLC-tnass 
spectroscopic analysis cf the enzyme/ assav solution, to 
be cleaved between the Nor 1 eu s me - Serine ami ie bona. 
Replacement of the terminal Aoz group by a series cf 
derivatives (e.g. Boc-, Pivaloyl , Benzoyl, and 2- carbox\ 
Benzoyl) affected substrate activity and specif icitv for 
the Der pZ enzyme. With this knowledge of the ?, -P.' 
cleavage site and for the p. -p. -p. -p. motif, the compound 
Boc-Val -Ala-Leu-H , 4, was synthesised as shown in Scheme 
la , figure IS . 

Attachment of a suitable Michael acceptor such as CH=CH- 
C02Et, and -CH-CH-SC, Ph to the motif (Scheme 2, figure 
16 ' , provided active inhibitors of the enzyme with 
apparent 1CV : values of 5 0nM, 1000 nM and lOCr.M 
respect lvelv . 



compounds having active Per PI inhibitor activity was 
prepared. Details of the preparation and activity ci" thi 
novel group of cysteine protease inhibitor compounds are 
:.:o cosed m co-pending Internationa: Auclicirion 



■ ra * Protease Inhibitors and Substrate: 



^ji i I U it o » ; 1 1 1 i r, ^ L t c o :■ 
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Design of Deps ipep tides 

Another suitable bond in a compound of general formula 
(1) / (II) or (III? a o cording to the invention is an ester 
bond to form a depsipeptide . The incorporation of 
depsipeptide substrates aided the identification of 
substrates for low reactivity viral proteases, such as 
viral serine proteases . 

For example, sues t rates of the general formula 
n [ Ah-z-3. 1C -C ,,-D : yy [CCO] -E : .,-Tyr (NC : ; -Asp-NH r ] 
were produced. 

However, a significant proportion of viral proteases only 
recognise substrate sequences larger than those 
represented by the general structure above. It is well 
acknowledged that by the very nature of action of a viral 
pro tease (function is t t cleave immature viral proteins 
into tr.c mature v : : . . package one automatically receives 
iar -x concerning the natural substrate sites. Thus, the 
general structure above can be extended by mt reducing 
extra fixed ammo-acids at appropriate sites. A logical 
extension would be to introduce the known Pl-Pl' cleavage 
t : t - • as the aeps ipop 1 1 de none;, then subsequently introduce 
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r [Abz-B, , ; ,-D i P -E 1 .-PI y [COO] - PI' -Tyr (NC : ! -Asp-NH 2 ] 

Furthermore, if these substrates again proved to be tec 
small, one may use the known substrate sequences to 
introduce additional fixed positions. For instance, with 
Hepatitis NS3 protease it is known that the natural F6 
position is a conserved acidic residue ;aspar::c or 
glutamic acid) . Thus one could extend the above structure 
as detailed below. 

n [Abz-?6-3 2 ir -C : 10 -D, „-E : . p -?l y [COOi -PI' - Tyr (KC :: ) -Asp-NH,] 

The novel methodology described herein greatly faciltiates 
the invention of therapeutically useful proteolytic enzvme 
inhibitors and is commercially exploitable. This is 
because the best substrate motif for the proteolytic 
enzyme can be rapidly identified, and, since there exist 
in the literature a variety of ways for attaching motifs 
which react with the active site of a proteolytic enzyme, 
especially for aspartyl , metallo, serine and cystemyi 
proteases, an enzyme inhibitor can be readily synthesised. 
'A o r e c v e r , a m i a e bond r e p 1 a c e merit s c r t r a n s i t i on s t a t e 
mim^t i cs can be incorporated :.:;t ; the mole cm: , v;ui cn 
wouli be especially useful for th- nhiriticn — ;irci 

or metallo proteases . 

I'^e tret hod described also facilitates the raoia 
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for the detecticr. cf inhibitors of the particular 
proteolytic enz\- e under scrutiny. 

The presence cf an inhibitor within tine co-pound libraries 
described is readily detected by re treatment of the assav 
mixture with the most active fluorogenic substrate, which 
will allow the immediate measurement cf the remaining 
proteolytic enzyme activity. 

The invention provides self -decoding, combinatorial 
fluorogenic libraries, and it will greatly facilitate the 
design and invention of novel protease inhibitors because: 



The peptides of the library may have 
increased aqueous solubility in comparison 
to peptides containing similar and other 
fluorogenic and quencher groups. 

The peptides are stable to contaminating 
exopept idases . 

The self deconvoiut ion method described, 
coup ^ en with the cent muous anal vs i s cf the 
rate or sun st rate cleavage data, allows the 
-•media: e identification c f the nic c \ accivv 
nindiug met i f contained within the 
substrate library . 

The method allows for the rapid assessment, 
c i trie encyme assav mixture t: :r arc* 
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Example 3: Kinase Inhibitors and Substrates 



As previously indicated, the present invention is a 
broadly applicable methodology ana is not limited to the 
use of FRET libraries to detect protease 
- n h i b 1 1 c r / substrate compounds . 



An example of another use of the invention is the 
detection of the interaction of a kinase with a 
substrate/inhibitor by monitoring radioact lve 1 v labelled 
phosphorylation of compounds c f complementary 
combinatorial libraries. 



The Identific ation of a ZAP-70 Tyrosine Kinase Inhibitor 

ZAP-70 is a intracellular kinase essential for T-cell 
signal transduction from the T-cell antigen receptor. 
Mutations resulting in non- functional ZAP-70 kinase have 
been observed m patients suffering from a severe combined 
immunodeficiency disease. Drug down-modulation of ZAP-70 
Kinase activity has therefore been seen bv the ma j or 
pharmaceut :cT companies as a potential method cf down 
roca.i_at mg the immune system in an ant lQen - i udependent 
manner . fuch i drug could fy ased m both transplant, 
treatment and as a therapy m autoimmune diseases. 
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recruitment to phosphory 1 at ed tyrosine residues on the T 
cell antigen receptor, but are unnecessary for protein 
kinase catalytic activity. Removal of trie SH2 domains 
results m a tons ti tut ively active, stable ZAP - 7 o Kinase. 
Specinc oligonucleotide polymerase chain reaction (PCR; 
primers were used to amplify amino acids 308 to ol9 and 
add a carboxy - terminal hexahi s t idme sequence using human 
Jurkat cDKA ao a template. This amplicon was cloned into 
the haculoviral transfer vector pACUWSl (Pharmmgen; and 
recombinant baculovirus produced by homologous 
recombination _n Sf9 insect cells. 

Cat ZAP ; H6 ' Pur i f i cat ion 

bow titre stocks of mixed CatZA?-7C baculovirus were used 
to infect sub- confluent monolayers of Sf9 cells. Cells 
were harvested 3 days pes t - infect ion, washed in P33 and 
osmotic lysis performed immediately. Isolation of 
CatZA?(H tj ; protein was carried out using cobalt column 
chelation chromatography, fractions eluted using IOC mM 
imidazole and kinase activity determined by -'P transfer. 



— u-tot: .- yy - - • • : :, k:nas^- o— - 



una as?:v 



interaction of the active protein kinase moiety wit: 
compounds of a eombi na t or oa 1 peptide librarv can be 
t t e mi ned . 



5^55: J TJTESF;EET-RJ_t28 > 
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produced by CatZA?(h\,; . The peptide library was 
synthesised with a positively charged tetra-lysme tag. 
After peptide incubation with the protein kinase and ATP , 
containing trace amounts of radiolabelled :-?-v] -ATP, the 
reaction mixture is passed through a negatively charaeci 
phosphorellulose membrane using a 96 well plate vacuum 
manifold system (Millipore; . Positively charged neotide 
is bound by the membrane, whereas unincorporated [33P-yJ- 
ATP is washed through. Scmtillant is then applied to the 
membrane and the amount of phcsphorylat ed peptide 
calculated from the leve. of radioactivity on the 
membrane, measured using a well plate scintillation 
counter. This type of assay can be readily applied to 
other protein kinase systems. 

The result of this screening assay is the identification 
of one or more protein kinase substrate motifs, which 
appear to have the common features of a negatively charged 
IT- terminus and a conserved Pro at the C-termmus. 
For other protein tyrosine kinases, the existing 
libraries may provide some information, although it is 
envisaged that additional libraries will reouire to be 

F::r Ser/Thr kinases, the t echnclcav ma'/ t - a a acted 
[ V -so ' : * central . ■ ■ r o Tor r.o- ..• - h- 



i n a da 1 1 1 o u , tec hno 1 c gy is be: ::g de v e 1 op e d w 1 1 h i n 
chemistry department whicn wti : allow for the qer>: 
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Abbreviations 

Ah i b r e v i a t i c n s used herein are a 

/abbreviations for amine acids and nomenclature ot peptide 
structures follow the recommendations given in: IUPAC-IUB 
Commission on Biochemical Nomenclature, ; i; . Bid. Chem, 
2 47 , 9 37 , 1371;. All chiral amino acids are of the L 
conf iquraticn unless otherwise stated . Other abbreviations 
used are : 

-Abu , b- amino butyric acid, : Abz, 2 -amino benzoyl : ACH , 
1 -ammo - 1 - carboxy - eye lohexane : ACP , 1 -amino- I - carboxy - 
cyclopropane : 3ip , Bi phenylalanine : n-3u, n- 
butoxycarbonyl : Bz, Benzoyl : 3z { 2 - carboxy ) 2- 
carboxybenzoyl : Bu'Gly, t ert - Butylglycy 1 : BOP , 
benzotriazoyi -oxy- tris - ( dimethylammo ) -phosphonium 
nexaf lucrophospnate : Cha , eye lohexylalanme : Chex, 1- 
carDcxycyciohexyi : eAHA , gamma ammohexancy 1 : H3TU, 0- 
benzctriazoyl -K f N, N' , N' - te tramethy luronium 

hexaf lucrophospnate : HOE t , 1 -hydrcxybenzctriazolc : Hyp , 
trans -4 -hydrcxypro^ my 1 : nLeu , hemoieuevi : INal , 
napthyl alanine : NKM , K- methyimcrthc 1 mr : Fu v , nivc.v : 
-PV 1 " ' -'■ -pyridylalanme : Tic , 2 ■- :n r be xy t e t ra nvdr c iu i n c 1 '.'1 
: Tyr(IJC' : ; , 3 - ni t rotyros me . 

DMF, dimethyl fcrmamide ; ? rr.ee , i iucrer.vime :tcxv:ar:; v:nv_ ; 
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chroman , Pbf , pentamethyLbenzof uran , TETU , 
Benzcrctnazole- :-yl ; - 1 , 1 , 1 , 3 , 3 - tetrair.ethv 



uroniu:^ 



2- (1H- 



:etraf I ucrobor a z e ; 



Tritvl . 



p . Abe. , 4 - ammobenzcyl ; Aib , Aminoiscbucvr: 



acid; Bip , 



Eiphenyi alanine; nBu, n-3utyl ; Bz, Benzoyl; Cmpi , 
Carbox\^e : hy 1 p : p e r a z : ne ; Dec , Diethylglycine ; DIPEA, M , N- 
Diiscpropyl-ethylamine; ilATU , C- { 7 - azabezctnazol - 1 - yl ) - 
1,1,3,3- t ezramethyluronium hexaf iucrophosphat e ; HOAT , 1 - 
hydroxy- 7 -azabenzotr iazoie ; Naph, Kaphnhylaldniae ; 3 . Pyr , 
3 -pyridi y I alanine ; Tyr ( NO } , 3-rntro-tvrosine . 
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i. -irjranes ot compounds which interact: with an active 
moiety, the libraries comprising two orthogonal sets of 
mixtures of compounds in solution providing two 
complementary combinatorial libraries (referred to as 
primary and secondary libraries: indexed m cwo dimension* 
for autodeconvolution, thereby allowing characterisation 
of an active motif m any group of compounds. 



A complementary pair of compound libraries hi and L2 
according to ciaim 1 which constitute a set containing 
compounds having four variable groups E, C, D, E of 
f ormula : 



-3b-Cc-Dd-n (Ee) - 

giving b x c x d x e = Kn compounds m each Horary, there 
being a predetermined number (PI, 92 ) of mixtures each 
consisting of a predetermined number (Ql, Q2 ; cf 
.1 na: vidua.! identifiable compounds in each librarv, where!- 
octn „. ana Ih: contain the same Mn compounds, but wherein 

it CI compounds cf hi or- not fcuna toqetr*-^ 2- ----- c - 

the 92 mixtures of L2 . 



1 
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fixtures of L2 are each placed separately into individual 
wells cf well places, the well places havmo wells 
arranged in a format: adapted to allow deduction of a 
unique active compound formula from one presence of 
activity in one well of LI and one well cf 1/2. 

A method according to claim 1 wherein the format 
complies with general deconvolut ion formulae in which: 

ii) ns = Rp . Cp . Np 

ks . Cs 

\ n ) k - h . c . d . np . e 



1 1 : 



x . N . np 



N - Ro . 



K - i: . Rp . Cp . np 



. he 



cp.e = :■: 
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n F = number cf primary places 

ns = number cf secondary plates 

R P ' number of primary rows 

Rs = number cf secondary rows 

C P = number of primary columns 

Cs number of secondary columns 

K = number of combinations of compound- 

^ = number of wells on a plate, and 

: ' : " number cf compounds per well. 

- • ^ method according to claim 4 wherein 

np = 4 

ns = 16 

Rp - 8 

Rs 4 
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A method according to clair, 6 wherein interaction cl 
the active moiety with the compounds of the library is 
selected from ere group consisting of the interaction of a 
substrate cr inhibitor with an enzvnr.e, the interaction of 
a ligano with a receptor, and the interaction of an 
antigen cr antigenic epic ope with an antibody. 



B . A method according to claim 6 wherein the active 
moiety is selected from the group consisting of the 
rol lowing enzyme classes: 



1 . Oxi do reductase 

a ) d e hy d r ogenase 
fc= oxidase 

c) peroxidase 

d) catalase 



Hydrolase 

t ) pept lease (proteolytic enzyme ) 



Transferase 

g ■ aminotransferase 

it h.inase 

- ■ g^ucosyl transferase 



SJSSTi ,JTE SHEET 'F/JLE 25' 



WO 97/42216 



PCT/GB97/01158 



I scr.erase 
1 ■ racemase 



Ligase 

n : synthetase 
o ) carboxylase 



- • ^ method according to claim 8 wherein the active 
moiety is a protease selected from the group consisting ci 
the following : 



1. Aspartyl proteases, such as renin, KIV, cathepsin 
D and cathespin E. 

2. Metal ioproteases , such as ECE , gelatinase A and B, 
ccllagenases , stromoiysms . 



. Cy^t emyl proteases , such as apcpair , 12*1, hern 
catnepsin h , cathepsin X. 



serine proteases, such as thromn: 
:tcr Xa , e last as e , trvrcsm . 



SUBSTITUTE 
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10 . A method according cr 
moiety is a kinase and the 
subs t race cr mhibi tor. 



: 1 a i - 3 wh erein the active 
nteraction is with a Kinase 



11. A method according to claim 3 wherein the active 
moiety is a receptor and the interaction is with a ligand. 

12. A method according to claim 3 wherein the active 
moiety is an antibody and the interaction is with an 
antigen or antigenic epitope. 

Is . A method according to claim 3 wherein the mixture of 
compounds m all of the wells of primary library LI 
contain all variations of a first two variable groups and 
each well contains a unique pair of the two other variable 
groups; and wherein the mixture of compounds in all of the 
wells of secondary library L2 contain ail variations of 
tne two other variable groups and each well contains a 
unique pair of the first two variable groups. 



vary- 



library contains all variations or variable vrouos B ana 
:: ' a:::: u:u ^ liC -airs or. vdiab^ groups ..../ anu b ; ana the 
secondary library contains all variations cr variable 
groups C and 1, and unique pairs of variable groups B and 



; JDO i i i >J , t 0 



.t d>: 
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format: according to cla:- 2 or 4, applying an ac:ive 
T,o:e: " "° the well-,, screening for an interaction of the 
active moiety with one or mere compounds of a mixture m 
well of primary library 11 and secondary library 12 and 
deducing from the respective LI and 12 well positions a 
unique active compound formula. 
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Component Distribution in Plate 1, Library 1 (n=l) 
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